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ABSTRACT i 

In this report, three theoriM cf traneitive 
inference are compared as they apply tc the icltticn ef linear 
sylloglsia: a spatial theory* a linguistic theory, , and a reii aixed 
linquistic-spatial theory* lach theory is eifreiied In teria of an 
inforia tlon^processing (flDw chart) iiodel an^d a latheiiatical lodel 
that guantifies the inf oriiation-procefising icdel. The reiults of four 
experiients testing the iiiathefiatlcal ■cdels for their ability to 
aeeount for latency data are reported^ and it is shown that they 
□▼wifhelaingly support the lixed theory* This iuppoit hAids over 
varied nodes of problen present at Ion p adjectives, seisions, and 
sub1ects« tte duration of each coiponent prccess In the lixed theory 
is estiiatid, and Ite contributien to tctal lelution time is 
assessed. Then the Biited theory is shoiin to account fcr icst patterns 
of Individual-difference data* Finally, the theory li shonn to be 
eonsistent with a variety of dat a obt ained in previeus Investigations 
of transitive Inference. (Fourteen tables are appended,) 
(Author/HAI) 
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tranaltlve infarence, linear aylloglatle reaaoningt three-tem aariaa prob- 
Im^ deduction, ^jiture theory 



Thia article compares three theories of traMltlve Infaranca appli^ to the 
Mlytlea of linear aylloglaui a spatial thMry, a llttgulatlc thMry» and 
a a«w miwmA llngulstle^apatlal theory « lach theory la vpraaaed In tarna 
of aa liifof«atloa-pro€aaalng (flow-ehart) ■odalp and a ■ath«atlyal iiedel 
that ^uutlflaa the ln£or»ation'^procfe«alfig wdal. The MthMatlcal aodala 
nm tMtad In ttalr ability to accoimt for latucy data froa four aiiparl- 
Mate, fha tMta ovanfhelmlngly auppart the alxad theaiy. Thla auppart 



holde viflad MdM of preblM pr«s«nCACl@n, adjccclvMk •Miloni» and 

•ubjMte. T*i« duration of ueh cdapoAant procMs in thm sl^pd thMry !• 
MtiMtadf And Iti eontributlon to total •olutlon tla« aatMiad. ^on 
tho BlsAd thoory !• shwii to ftceount for noic patttirni of Ifi^ividuAl* 
dlffftfMCO data. Fln«lly> thm thMry It ihoim to hm consist Ant with a 
vsrlsty of dsts obtalnsd In previous lnv«stlg«tlons of rrsns^tlvs Infsrmctt. 
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1¥uiiltiv« Inftrtncp 
1 

Abstrftet 

This vtlelt edmparea thTM th«OFi#t of trftiiiltl¥» inftranet ftppl!«d 
te the •QlutloD of Itntar iylloglnis: a ipAtl^ theory^ m lla^ttic 
theory » ud a n«v ly^xtd llnf^istic-B.^fttial thtory. Eaeh theory is^a^rtsied 
In terms of mn Information-processing (flov-ehart) nodel, and a mathematical 
■odel that quwtlfits the information^pr'^eesslnff model. The uth^Mtieal 
models are tested in their ability to aeeourt for latenoy data frOT four 
teperlments. The tests ©verwhelmingly support the mixed theory. This 
support holds over varied nodes of problem presentationi adjeetives* sf isionSj 
and subjects* The duration of each exponent process in the mixed theory 
is estimated, and Its contribution to total solution time assessed. Then 
the mlxerl theory Is shown to aceo^^nt for moBt patterns of indl vidUAl-differenca 
data. Finally, the theoi^ is ihown to be consistent with a variety of dat^ 
obtained in previous Invest igationi of truisitive inferenee. 



TraniltJ • Infcrcnet 
2 

Rtprtitfitatien mmd Proctii in TriJiiltlvt laftrtnet 

In m trMiitiv* laftrtne© protltm, u individual it pr«Mnttd irtth 
tn© or ]wr«%pr«^t«i, mKh dticpibing a rtlatlan bttwen tva Itraii At Itaat 
ant 0f the lt«u ovtrlapi bttvttn prefniifi. The iubjtet'f talk is t© uM 
thli Qverlap to d«t#™ine a rtlatlan t^twetn two (or sore) ittms net oc^'ir- 
ring in tha aame premise. An mxmmple of such a probltrn Is 

Mighty Joe Young Is mightier than King Kon^, 

King Kong is mightier than Magllla Gorilla. 

Who is mightiest? 

This problem illustrates a simple fom of transitive In^jrunce ppoblem* 
the linear syllogism (or thre^-t^?^ series problem, as i^ is often mallei). 
In general ^ the t&rrn n il^.*nr ryllogiom form a lln**fi: array of iterir , 
»ay^ (A^ B» Ch Each q*" .v p . *se^ deicribes a ieifc.*i^n between one pai 
Of adjacent items, sa; , (A B), r^ C ] . To^iolve the problem, an indi- 
vidual mu^t eeibin** li./^rr;**' in the two pre«lse.i in ©fder to ^^terain^ 
the relatltsn betveen the tvr nonadJa;en* Items, r^ ^ Solution of the 
txample problem ab*^ * ^.^ulres the indivi jual to' lnf*»r the relation between 
the two Dwaaajaoewt items, MLght> J^c^ Mi and N^gilla ^rilla* 

^mnsltive inferendeir are widely usea in everyday life. Conparlsons and ^ 

teeialona of alAoat eTtry kind ^hat we n&ke on a 4aliy baaia uau&lly Isvolve at 

laaat an IsFlleit trMsltive Inference, Consider* for example, the ^Ifht of 

m eMtaner eating at a restaurant « The customer is faeed with what may well be 

m tewildtrlQg ehoice of meala, Thm euaton^r ^as neither the flae nor the pa* 

f 

tltnee to aoapare every ^sslb^e pair of meals* ajid to order the flteal that Is 
preferred to •vary other, ftere typleidiy, the eustraer will nm'ow down his 
ter ^efereneta to a few poaalble eholoeit a«a\ning that if the eliminated 



traniitlv* Inftr«nr#» 

3 

eteie«t «re Immm d«eiribl« thM ih» BinlaaUy fteetptiiblt ehaie«» %h«y &rt ttt 

tetlrant than My othtf Mrtptab4« ehoiet at vtil. N«xi« tht euttofi#r 

^^bably plek m« of tH#» say, faur ••mlfinal ehole«B mm th« final ehaiai*. 

Agaliii th« euiteatr •■ehtvi making all poiilble paired tmpnriMonm^ ilx in 

%hm eait ©f four choiet * Inite%d, th# euitamer aiiumn tpaniiltlvlty of 

Praf«r#li€«i, and infers thiit if hin or htr first choiet is pr«f»rftd to the 

•teoni ehoiet, it is yr^ferrei t ) every othfr chni -#» ss yf^W , Withnut the 

uie of transitive inferiMi/t^ mau* *"vi*' .iur al«M»i#»^t deci?ii^^n?. sdnul \ : . 
f 

uninana^eably complex, 

PsychaiD^i 9t s hnve lan^* re-^of^.ni ?#i t}ie runiamentnl i^p^'-tanei' af transi- 
tive Inferenees in everydav c?ornitinn; mn a pemult, transitive Inferpfif'* h*^^ 
playei a key role in psy rhal a^l cal th**)ry. Re*^-eafej» ^ trfiniitive infe^en'^^ 
ha^ apfaara^ < i dtvtrae psy^htt &gicat i i-rera^iLrts , sri unit r a n\«be'^ of di^* 
ftrent r^iisen. Dirferential nsveholori it s have reeafnlred th^ transitive 
infertnet probltm as a ustful piyehoiectrie tool sine# tturt^s (191^) use af 
tht problta in a battery af mental tests » although our knov/ltdw of the psy* 
ch^nttrie propertiti of the prob!em as a ttst Iten remains rudimentary (Burt, 
19i9t Bhaver* Pierson, k I^n^, 197^*)* Develc5pir»ntal psych^lari sts hav* 
InTtstiiattd the transitive infercnee problera ertensi\ely, wAy of them in 
rtiponst to Piai«t*8 1928, 1955, 1970) elalm that preoperational ehil- 

drtn art unable to perform the reasoning neeessary to Infer a transitive re- 
latioHi Trabasso (Bryant & Trabasso, 1971; Rllty & 1¥abassO| 197^)* f^*" 
•Jcaapltt has tycen issue vlth Piaget*s in'.erpretation of the data, uid in a 
■trlts of ingtnlous txptrimenti has found tvidenee su^esting that memory 
rathtr thM r^asaning limitations are rtspanslble for mueh of ^nt difficulty 
f&mks sbll^tn tneafunttr in atttaiptlnR to aolTt trMsitlve Inftrenet prdblefis 
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CmtB^tiwm^wpmrlmntml pfyehoUiiiia &lta a «r«*t teal af Atttii- 

tlM tb« truaitl^v lnftr«net problM. ana bavt •hcac*^ in ^ il^fmii 4«- 

meh pfObltu CClarlti 1969a. 1969b, 1971| 19T3m, 197?fe; DiSet©, Landan, & 
lMtol« 1961^ Nandtl, DtSot©, & Loodon, 1968^ Hyatar, 1957^ Hutt#ald§htr, 
1968; HutttnlDehar k KImUi, 1971, 1972; Huittnlafhtr, Higi|lni, Mllllgan, 
t Kauff^an* 1^70; Potts I Sehnli, 197^), In this article, a ntv rai©lutlon 
nf the dtbate ff^garding r^rr#»?ii*nti» 1 -^n and proetas vlll be proposed. In 
partieulaF, the artlelt vl U addreii thr#« laportMt thtorttleal qutitlans: 

1. How it infonnation repf#i«nt#d during th# eourst of a subleet'i 
aalutlon of a transltivt inference probltBi? 

2, What proeati^s act upon the represtntation(s ) fron the time the 
lubjeet fint views the problem to the time he or she indieates a responp«? 

3« How/ if at all, do the represtntationt a^d processes ustd In the 
•olutlan of transitive inference problemt vary as a funetlon of (a) aode af 
problem presentation, (b) adjectives, (e) sessions, snd (d) iadivldual subjects? 

I^a artiele is divided into six Mjor parts, of i^ieh the flrat Is this 
latroduotlon . , The second part presents a discussion of previous research on 
%hm %hrm9 theoretleal questions posed above. The third part offers tlu^ee 
tetalled laforwtiofi-proeeasi^ Bodtls that purpart to deaeribe hov •ubjeets 
Mlw trsaaltlve laferenee pnbless i^th three tens (linear lyllogftns). The 
ftayrtb l^rt praaeots resets of four ez^rlMnta addraased to the thearetlcal 
fuaatlooa ^sed above, and vhlth ai^ intended to distinguish asong 

tbe three lafpFUtlon-pi^eessiog Bodels. The fifth imrt of the icicle eantalni 
taata mt the Bodels en prevloua]^ publish^ data. The slrth and final pvt 
mt the p^^r ^aeuaaea hov the data preaented In the artlole advanoe our the-^ 
^•tieal ttdarataBdiag of traaaitlve lnferenee« 



THIORITICAL ISSUEn 

Wmtvrm ot ^trovrw 

nMflitt Al8Aprt« AS to th« fani of Kprtttnistlon tubjttti uit for In^ 
fuMtim ■farvd, ■Mlpulat«d» and mfi«T«d in tht ea^it of aolvlnii trviiitiyt 
laf«rMc« probltu. Tbt telle contravtriy hai bnn ovtr vhtthtr InfiDriMtian it 
r«pF«Milt*d •patl&lly or lirif^lstleft.lly . Spatial thtarliti ariruc that Infarma^ 
tlan it rtpFaiaottd in tht farm af a spatial array that funetlans as an Internal 
aaaiogut ta a physleally realiEed ar rtalUablt arr^. Lln^litie thsaFitta 
argut that InformatiQn is represeated la the fom of linffulitic, dttp-struc tura 
prapoiltions ©f the t^e originally propoied by Chomiky (1^65 )• A rtiolutlon 
of this eontravtriy vauid not ©nly enlighten ui irith ragard ta traniitlve 
lnfarcn€#« but mi^ht further shed li^ht on the kinds of ar^unents that are 
valuable in di stinrai shin^^ between subjects* u^e spRtial or ina^^enlal repre- 
santatians on the one hsjid, and lin^istie ar propoii tianal reprastntat ions 
an the athar (sat Kasslyn 4 Pomerantz, 1977; ^lyshyn* 19T3; Andarsan, Nate 1). 
In tha fallavlng faur leetlons, evidence for each kind of reprt mentation is pre* 
santed and than evaluated. 
Evidanea far Spatial Reprt stntation 

Eight prineipal kinds af evidence have bean adduced In favor af a spatial 
raprasantatian far infarBatian. 

Introa^atlva raports * Many subjaets in various ajeparliBants have rapartad 
yaiaf apatial iHcary to salva trMSitive infarenee prablaas aueh as linear, 
ajrUagiaM. i^eardini to DaSoto at al. (19€f ), prapanants of a spatial IsageT^ 
tiiaar7ft '^qyastianlttf of subjaets in Exp^imant t indieatad that aast af thm 
aolva tha sjrllaglaM vlth tha aid af laa^ary" (p# $l6)« fhaaa inirtstigators 
mlBQ ftfUfid that dtffarant pairs af ralatianal adjaatlvas a^akad dlffarant kindK 
af arrajfis Battar^iiiiraa . far asaspla, ■oat aften evoked a vartieal aj-ray eon- 
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•%ryeW4 la a te^-tevi f^shiofi, lAtrtM ^|fr*lightar &r%&m tvokei m 
torliMt&l eoattryetffd in a l«ft-fight fMhiorit ffutt^aloeter mmA ftiitint 

(19tl)t^ prepMflBti of ft •pfttiil iMitnf thMnfi fgimd that raport 
that taagAry it latiMtaly tlad \ap vlth dttarmlalai tba ardar of Itaat f¥aa 
eaaparatiira axpraatiaaa** (pp. k9%'^96). tlialr nubjaeti eonitrifttad laMinvy 
•patlal arraara hy plaalaf tba paHatieal aubjaet of a aaataata Iji tha array « 
and tbaa ■oviaa tba p^aanatlcal abjaet ^th ragpaet to tba aubjaet, Wtmn 
Clark (l969fc)i • linratiti'' thenflii^ has fnunl vldtipftft^ ut^ of 1»«#:pry 
hy aspariaantil ■ubjaett. Rt rtportad thiit "k9f of th# Si In Clark [19A0a] 
elaiaad tbat thay utad ■patlal iaai^try*' (p. kO?), Clark thus fait oblliitd 
to eoaeluda not tbat ■ubjtctf fail to uie iMMiary, but that '^It bat not baen 
daaonitratad that the uie of spatial iaa^ery dlfftrtntlallv afftett tht 
•olytion of thraa^ttrm aerlts probltsi** (p. ko2), 

ifaad for apatial array to eoeblnt prami la Inforaation . At aosa point 
during tba eouria of problaa •olutioa, tubjeeti sutt eoapraband tha hi^har^ 
ordar ralation batwaan tha two lowtfr^rdcf relatloni axpraiaad is tha individyal 
praaiaaa* Staoh eoBprabanalM ia tastuiouat to ft^ing tha tranaitiTa infaranct 
aaadad to aolvr tba problw. Spatial iaa^ary thaoritta ha¥a apaelfiad at a 
naaMahla laTtl of datall bov aueh ooaprahanaion eaa taka plaoa* Ruttanlo^har 
(l960)t tor anoplat arguad m tba haaia of aubjaeta* latroapaetioaa tbat'aub* 
Jaota eraata aa laMlMnf array of tba tvo ItaBa eontainad In tba firat praslaa, 
aad tteii uaa laforBation tram tba aaoond pramlaa aa a baa la for Joinini tba 
third it« to tha flrat tvo ItMa. Llnguiatie tbaorlata« hovawr, ha^a aot 
a^lflad la raaaoeabia datail hov tba traaaitlTa Infaranea la aetually ttada, 
Aa luitt^oeter a&d Ufslaa (Iftl) ha^a polntad out» **Clark [ifS^} attOTptad 
to (iMlfida aa aaooi^ of tha a^irahaaalM of adja<^ivaa ud oo^arativaa aa 
«^ aa aa a^ia^wt of twtloa uawrlaf h vhlla hMloaUjr l^ortag tha quaa*« 
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Ttmniitl^t tmtmrwnf 
T 

Um 9f kflw UtorMilM trm %te tvo ^^iMi it easbie^d" (p« Ii8T)* eiiLrii 
Utn) IM ttet tb« **lia|piUtle iteonr U Mt ewput#, for m« thln«, 

klM4** $13). Until ft liaffulfttU ft^eoi^t of tte eMbioAtlon proetii It 
ypdpettdt ituitsitt of ifuiitl¥» lQf«r«st« tf« porhape obllitd to Metpt, if 
hy 4«fft\at| ft fpftilftl ftteount of th« toablMtlon proetii, 
eowBflir%b$llty of dfttft pfttttnn for pwurporttd iMfijftl ftrrmyi w thoi e for 
Phytteftl ftrrftyt . On* of Hutt«nloeh#r*i uln u'fwftnti in fftn^r of ipft^ftl 
iaftt#nf b##B thftt •'tht dlffleulty of wlvlai dlfforofit forai of fllntftrl 
ftyllocini pftxftllftli iht difficulty of i^puglnx rftil obJ«ett ft^eording to 
eoBpftTftblft initmetionft'' (Hutt#nloeh^f tt ftl«, 1970)« A of trp«fiB#nti 

hm iboim thftt th€ tvo typci of itrai do indt#d ihov pftrftlltl pfttttrrii of 
dfttft (fruttftnloehtr, Eii#nb«rg, h Stpftuii, l^fl; Hutttnloeh^r tt ftl.| 1970; 
bittwlochftr t Strftuii, 1963), In ft trpicftl ftsrpftriMnt, Hutt«nloch«r ftad 
b«r ooliftftcuftft r#quirt lybjteti to ftfTftntt bloekt (truekt» hyafta flgurtit 

or tbft likft) la ft ptareieal mrTmy. tomi of tht ftrrftag«Mnt tftM would bt 

Pf^t«it#d in ft ▼mrUt^f of fons, mmoh fofm parftlltllf^ ft for» of lineftf tyllo- 
flnt ftfttponftt tlMft ftnd trror rmtftft for th* phyei^fti ftrruiMftnt tftsk vot^d 
tbm b« ftbovfi to b« Ugt^ir eomlftted vlth rtipooit tlMs ftnd trror rfttts for 
tkft llMftr qrUo^w tuk. 

afgbolie dlfttmat ftffftotft . Dfttft rftporWd by Potti (1972 « 197^) ft&d by 
IMmm md Uft ollUftCuftft (<h>mbftftfto k Rilfty« 197Sf frftteftftOp Rllfty» I Vilion, 
19T5) Mw ftnacly to lapliefttft ftoat klsd of ftpfttlal proeftit la liatv ordering 
problftU« b ft typloftl ft^ptriant, tybj#€tft ftrft tftugb^ ft lia«ftr ordtrlng of 
lt«M tbM tftlMft tlift f^FB (A» B» Ct Dt It F)« tubjMtft art trfttaftd o^y on 
adJtte«Bt ^ktra of ItMa, If tubjAotft atora infoFMtloa in tha fora of prof^ai* 
tiau ralaAlaig tha ^*aaMtad palra of itaM* tbaa Ma vould tiq^et that i^oa 
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lM«t |» mibjMia vsuld te ft&lt to ^u^m mrm rapidly tb« rtiftllM W%vmq m 

pair Mmild 1«i1 Utily aTmlUblt In lierlilRi ■wory^ ¥H«rMi th» laittr 
pair steuld MQuirt m% Itui ae« tnieiltivv iof«r9n§t rvUtlnn 1 %o I 
pAiri (Bi C), (C« 0), (D, F), In fut, ■ubj«eti mrm ablt ta Judt* tb« 
mmtlan b#twi«n B Md £ ■nri* rA|>ldly thiui thty w-t ablt to Judit th» rtU* 
tloB b^tiTMe £ Aod D, Th© furthtr apart th# t« itnt u-t, th« •Mitr tht 
Jud^^nt turfu ©u^ ^^to b# . Thl» •yabalir diitMct tffaet ii eoapAliblt ^th 
tht klni of **lnt«rna! piychophyi i ■** prnpni#d >y Moy#r (1971) and Naytr and 
hiycr (1976) • vti#raby a ipat ial anajocut r«pr«i«ntatldn It eonitfuettd for 
th# army, iml fl'^-^ifnt*! "^1^ ana' - trtsentat Ion ire caapar^^ to 

oat anothtr. In thi« kini r^pr tl«*?^#nti that art at in'tattf 

diitaneti from one anothtr arr mare aasi.y diitinrulihabl# frcsB out another, 
ud banet aaaltr t© Inttrrtlatt, Th# ■^balle dlttanet tfftct hat stntrally 
tean contidtrtd to bt lnc«pttlbl# vlth llrifulitic thtorlti of rtprtttntation. 

Sarlal poiltlon tfftett ^ in the llQtar-ordarir^ tjrptrlMntt daierlb#d 
aboya. •ubjaeti art tralntd on all adjactst pain of Ittni In tht llntar or^ 
darlni. TrabaatQ and hit oolltMutt (Lutliut k Trabatto, 197ii, Rllay A ?ra- 
bMso, 19Tk; Trabaato at ad., 19T$) haTt fomA that arrora Mda dwlag training 
and rttralnlng t%h*blt a atrial *pot It Ion afftet iflth raapaet to poaltloa of 
tha p^ra In tha Mar ordtring: Hazlaya arrora oeeur an middla p^ra« and 
fafwar arrora oeei^ on paira ntartr tht tnda of tht or4arl^. Tidm atrial- 
p^altloe tffaet ^a intarprtttd aa prlaa facit tTldaBea for aa qadarlflai apatlal 
urr^r (aaa Bowar, 19T1). If tubjteta laanlng tha palra of Itna i^ttout eon* 

1^ 



Mnatiag « ^•Flsrlag ^ny, that lit learniag tte list as a i«t ef ladtpM- 
irat pftlMd MiMifttes, tteo vQ^d #3^at •quAl awbers of mrers at dif^ 
ftawt pluet aioi^ the linev orttrlog* At veritt m« algbt o^Mrft •«§ 
ugitlY# trwifer for lai^pelnts exetpt tbt end polttts of tht array, taoh 
other poSjat la learaed aa both greater (bette^t^faater, etej than ©ae point 
and leas (vorats ilwer, etej than another point • - 

Blrtetienal preferencei vlthln llaeM^ drderlngs , In aany of the adjee- 
tlTe palra uaed In linear syllogism prohl^Sy one adJeetlTe of a hlpolar pair 
reaulti in wre rapid or more aceurate solution th«i the other* For example, 
use of the adjectives taller and better result in faeilitated perfomanee rela- 
tlTe to tl^ adJeetlTes shorter and yprse (Eudel et al,, I968), These authors 
have proposed that faster solution for the adjectives taller and better^ e&n be 
accounted for by the facts that (m) taUer-^ihorter is represented ^ong a 
eoatlnuum proceeding from top to bottom and better-vorse Is represented along a 
eontinum proeeedlng from right to left t and (b) "people proceed more readily 
In a downward than In an up^rd direction, and in a ri^tward than In a leftward 
direction" (p* 513)* This direction^ principle (b), together with the prlnpipl^ 
of end*anch©ring described below, semed to account for "the results of other- 
viae Inexplicable variation in dlfficidty among linear syllogisms" (DeSoto et 
tt*, 1965)* 

Bid»aaehorlBg effects * bveatlgjfttors of trusltlve inference have re- 

! ' ' 

Peatadly found end-aachorlngf effects in their data. Bid«-uohorlag effeett ve 
obaarved vbea It la easier t,L solve a | transitive Inference probla presented 
f^oai the Mda of u array Inward than ^t Is to solve the problM preaeated fra 
tte middle of the way outwd* Ctasider, for example « the vray (A, B* £). A 



10 

^eiblM mtb pMilHit **A it t^iXmr thtm B| £ Is stadrtar tbM B»" ^i^d 

B It taUtr teei^utt teth prates In tht flrtt aate 9^m md-ftaateredi 

vtonu a«ltber pmlB# In the tetrad eue it •nd-^ehoradi DeSotd et al, 
(1961) mx^ tbt tirwt to propata end^-^ahorlng *t a ^Ineiplt uted in the 
tolutira of linear ordering prohltat and Ruttenlochar C1966) adTaneed this 
prepesal as vtll* The tvo aeeaunts differ slightly » h^wTeri in that DeSato 
at al. proposed that end-anehorli^ In tJltl^r prmlse eould faailitate solution « 
vhereas Huttenloeher su^^tted ttet under most elremstaneesi end^anehorinfb 
iri.ll faellitate solution only^ If it oeeurs In the aeeond premise. 

Correlations vith spatl^ visualisation tests . ^aver« Fierson, Md 
Lanf (197^) have reported eorrelatloni aerass subjeeti betveen errors In the 
solution of linear syllogismB and seore? on tests of spatial Tlsuallzatlon. 
These eorrelations varied in aa^ltudei but an l^ressive nusber of them 
reached statistical slgnlfleanae. These aorrelatlons vere Interpreted as 
evldenae that spatial iaagery is ubed in the solution of linear syUogisms. 
Ivaluatlon of Bvidenae for Spatial Repre tent at 1 on ^ 

With ei^t kinds of evidence converging on the srae confusion » one Is 
t^Q>ted to accept the conclusion vithout further adop Yet, none of the eight 

kinds of evidence proves to ^ conclusive considered either hj Itself or In 

I 

eonjmetieo vltb the ramining kinds of evidence. 

totrotpective reporti . btraspecti^ nparts of the use of imageiT vre 
ooaMOt Wd are acknovledged even by^ the most prralnent linguistic theorist 
(Clark, 1969b) # A l^g-standlng question in p^choloQft hovevert has been 
whttther' tuoh reports can be accepted at face value, Itony psychological Inves*- 
tlgatort tave been reluctaat to ^cept introspeetlvt reports as aore thu tug* 
festive « and the reeent data and theoretic^ frwevork pretmited ^ Hitbett ud 

Iv 



VHsra (1977) w%m ta Juiti^ thlt rtluetanet. SubJ#eti m^mt to hmrm little 
W M Matelwt Metis to tbt praetiNi they u«e in Tarloui kladi of eo^ltidns. 

eeatelafttiQii o£ infomatlop , irobolle ^itMee effeeti . lerl^ 

eitloa tf facts , md eBd^meborlng tffeets . Cm & llnfulstle rtprestntfttion m- 
€Oimt fbr uy of thtst effeetst The usver appears to he afflnatlTei A nail 
■odifieation and extension of a linf^stie rtpresentatlon sv^fested hy Holyaak 
(Bote 2) irtll predlet all of thtst effects. 

la the pTOpQsed representation » infoniatlon about relations amon^t say« 

I 

items A» 1, D, and E of a linear orderlnt Is expf essed in the form of a hi- 
erarchy of relations, as shovn in Fig^e 1. in the present representation, \m- 

Insert Figure 1 about here ^ 

like in Holyoak'i, nodts at a given level of the hier^ehy ean contain overlap- 
ping information. At the highest level of the hierarol^p all items sre clustered 
together at a single node, and the items aj^ therefore ; ^Inguishable from 
each other. At the lowest level of the hiersj-chy, each item foms its own separate 
cluster, and each item is therefore distin^ishable f^om every other item. Each 
intemediate level of the hierarchy permits one additional differentiation of 
items, Fc^r example, the second level, containing two clusters, permits different 
tlatlon of A and 1; the third level, containing three eluster8» permits dif- 
ftilwtiation of A and D and of B and E; the siM prlneiple is applicable at each 

•ttOciiBsive level, V^en a subject Interrogates the hlervohy, he or she Is as* 

I 

awed to start at the top node ud vork doimvard in the hlervc^ tovard the 
bottoa &ode# Subjects we further assio&ed to use a breadth-n,rst search order . 
betvMQ levels of 4he hlfrarahy, and a random searoh order vlthln levels. For 
•M»l«t.aubjeetB vlll almys Intarfogate both itfCD and nCDE before inteirogatlng 



ttransitlm Inftrtiiae 
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my ABG t BCD t er CTE * ftovtver, the order la lAl^ ABCD ud BCDB are it&roted 
li MnMd to riadM. In order to lettrBlne vhether rat elveat It to the 
left of (or ii higher thui« fMter thH» better thu» ete«) uothert tvo nodes 
•;t eoM lerel 0f the hlerareiur must be found sueh that eaoh element ap^vs In 
only one of the nodes » and the first eleMnt is to the left of the other. 

First t this hieru*a^ eonstitutes a wifled representation of the five 
items in the linear ordering. All ^tsible order relations are e^ressed by 
the relations amonf the nodes of the hierarehy, Seeond« the hieruret^ can 
aeeount for symbolic dlitanee effeeti. Suppose one needs to determine only 
yhether A is to the left of E. One eu mke this determination at -the second 
level of the hierarehy, slnee A but not E appesj's in the ieft node ud E but 
not A appears in the right node. To determine whether A Is to the left of D 
^ (or 1 is to the left of E)^ however * one must go to the third level 'bf ttt 
hlerarohy. In general ^ the, closer together two elements arei the further do>m 
in the hierarchy one must go to dlitlngulsh themi and hence t the longer the 
aearoh process is assumed to take, nilrd, the hierarel^ can account for serial 
position effects in learnik^g. ^e more relations one needs to ,levn for a 
given element I the longer that element sho^d take to leajni. Note that A Bni E 
•aeh appei^ at five nodes » B ud D each appear at eight nodes, and C appeij's at 
bIm nodes, ^usy the endpoints are easiest to learn , and items bee we susces- 
•Ively more diffieult to levia u they approach the midUe of the impllelt linear 
amy. Fourth, the hier^chy can aecount for end^anehoring effects, if one 
aiBUMa that the relational hierarct^, like virtually any other strueture. Is 
■ore eaai^y constructed from the outside-lnvard thad f^rom the Inside-outmrd, 

Tbm hianyrcU§al struetiyfe described above is offered as a possible wi^ in 
ifbloh mbjMtB ■Igtit represent Information llnpilstle^ly, rather than as the 
aetttiA my atdijeets do i^resent infonMtion. ^e sole purposi^ of describing 
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tke strwtwe Is to ihw ttat & fliirly itral^tfQrvmri linfuliti§ rtpwi#ntatien 

§§m&t for uajr of the tfftets that have bMn belltTed to aMtitltate a 
spatial rapraaaiitatlon* , 

eeTOarablllty of data patteFns fmr toa^if ^i piyslea^ array§ . Hutten- 

laehtr*a argment that data patterns rtasoning with pur^rted Im^lnal * 
arrays are sisilar to those for plad^ent irtth aetual pl^slaal wrays 

presents a reasoaahle east for the analo©r between the two kindi of arrays. 
The arg™ent is strong^ however^ only if u altemativt model not hased on 
such an analofflr myces differential predictions. Here is where the problem 
has lay, DeSoto et al, (I965) and Huttenloeher (1963) orliinally interpreted 
their data as presenting a strong ease in fa'^r of a spatial model of some 
sort.x At the tdme* these interpret at ioris seemed quite aeeeptable. ClarJ^ 
(1969b )\later showed^ howtvtr, that the items used in earlier research did not 
distln^ish between the pfevious spatial models and his new lirt^istlc model. 

Negative equativji items (vith premises of the form "A is not as as B") were 

needed to distinguish between the two types of models* Clark's (l969a, 1969b) 
data from such items seemed to Clark to suppoi^t the predictions of hii lin^istie 
model but not of tM earlier apatisl mod^s. Huttenloeher et al, (1970) then 
presented new data shawing the ualo^ between results from a phyileal placement 
task and a linear syllogin&s task» Since her l^fiS claim had betn only that the 
two kinds of tasks wert angaogous, a^e now felt Justified in intefpretlng Clark's 
data as supportiag nther than refuting a spatial or imgerial aodal. Clark 
(l9T2a) than carried thj debate still another step further by presenting data 
ftron a physiaal plaoraent task that did not correspond well to data ^om the 
linear qrlloglns task. As will be discussed later in the vtiale, however t these 
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tota sboiPBd Q&l^ tliftt thmrm exist at least i^t ptQrsleal plaa«»Bt taaki that 
ylald v^'^terna of rea\ilts that de not eorFaipend to jiatttmt of reaults trm the 
llaaar lyUoglns task. To stsBarine^ there seen to he tvo prohlems eonfrontlnK ^ 



tboee vtao argue for a spatial model on the basis of an analoar between results 
f^TM pbysleal plaeraent aad llne&r syllogisms^ tasks i First, the snslo^ does 
aet always bold upi seeond^ the saaloo^ does not distinguish predletions of 
a spatial aodel froa those of a llngutstle one* « 

Direetional preferences . In general, adjeetlves that eaeourage top-down 
or right-left proeesslng are siso those that art linguistically unsarked. As 
vlll be ahowa In the next section, linguist le theoiT^ also predicts faoilltsttd 
processing for these adjectives. , ^ 

Correlations^ vlth spatial tests . Available correlational evidence for 
spatial representation of information is veak^ because although Btever et al, 
(197^) have shcvn convergent validfttion of the spatial hypothe'sii, they have 
not shown discriminant validation vith respect to the alternative hypothesis. 
In other words, errors on the linear syllog^m task might well have correlated - 
with scorer on tests if lin^uij^tic reasoning ability as well as with se&i^ea on 
tests of spatial visualization ability because of the general factor that per- 
vades performance on both types of ability tests. In order to provide a 
stronger test of the spatial hypothesis, one would have to show high correla-% 
tions between linear ^yl log! m ud spatial test performMce coupled with low 
eorralations betvaeo It^v syllogism performanee and llnguiBtIc test perfomance. 
lyidanee for Liaguistie Representation 

Three priacipal kinds of e^dence have been adauced in favor of a linguistic 
raprasaatation for inforsatlon. 

ft'laelple of lariaaey of functioBal relations > Aeeording to this principle 
(eiastt 19€fb), ^nmetloaal relations» like those |of subjeet, varb, »^ Ureet objeet, 
art stored 9 liMdlately after compr^ensioni in a m&rm ri.adily available form than 
atter Uada of lafdnatloRt like that of thaa" (p. 3S8). This prlnelpla forms 
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tfc» ¥uia flop tte llaculttle re^MntatlM ef Infomatiea in tam of baa« 
strtasa uA mAnlyitm d«fp-ttruetitf^ traaifo«»tlena ea '.teat bu« atriags. 

iMB.Mt off •pad tay Alrmet aj^rlBental avldaaee to aup^rt the prtnelple, 
la hu iataf^tad Hm^t'u (1W8) aecoiiiit of trMnltli^ Infaranee m m^oAlBg 
tlia vrl&elpla, ttougb, aad noted that "la aolTlag problna out loud» aaay 
ehildpaa -verballie the aaderlylni hase ■trlaga of ea^ai^tive itatMeati di- 
r^etly" (p. 399).' Moreover, "the ehildr« In DQaBlcJ.aoB'« (ifllT atudles often 
MdA,,*trraFe u m r©iult of thtlr sM^iheasion of propoiltiens as bast' 
strings'' (p* 399). If this ©bservmtional avldtnet Is being int«rpr.^ita ear- 
rrctlyt then the eTldenee supports an underlying, lingulitle dtssp-stiuetyral 
encoding' of the premise Information. 

Principle of lexical marking . Aecording to Clc^%' v (l/69b) Vixia^l 
•arklng prlnelple, "the senses of certain •lesltive' adjeetlves, like good ijid 
lo^t sre stored in memory la a less e^>lex form than the uenses of their 
opposites" (p. 389)* The "positive" adjectives are referred to As toiaarked 
adjeetlvest tnd their opposltes (for ejiamplet bad and short ) sre referred to 
as marked adjectives * If a marked and uraarked adjective are placed at oppo- 
alte.endi of a continuum, the iraaidced adjective vill gener^ly form the name 
of the.aeale^ ^us, m generally think in terms of scales of goodness and 

taUsapa, rather than is terms of seales of baUess ud shortness « Obviously, 

f 

«i emia have a scale of, ssy, shortness. But to ask hov short a i^rson is 

IsBMdlately to imi^r that the person is short, ^ereas to ask how tall 
a pwaofi is does not li^ly that the person Is tail, 

If« as Clark elalas, marked adject Iviis mrm stored In imory In a Mre 
eoBplez tmm thu is needed for unw'ked adjectives, one might vmll eicpect 
tha neattaf of ■arked adjectives to be m^e tlme-eonswlng than the meodiag 
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wMTtatd ad^MtlTtti, ladMd» an it\^«i ef trutltivtt lifiFmc that 
tmwm Isvitttl^tad teth Mrkad ud u Murked adjMtiTVi hmrm t&mA iMgar la* 
tMalaa er mm arrwa MMeia^M vlth itoaa QDotalalBg Mrkad a4jMtl7«s ttas 
kara ton vltk Iteaa tmtal&lag unarkad aAjMtlY^i. fUi aTldanM tktrt- 

twm aaaM m Ita faaa to mot^i^ is'ineipla ef inleal ■vklng» 

ft*laclale j|f Qma^mnQm ^ Aeeordlaf to Clark (l969b)» **l&l^natim saanet 
ka ratritTtd a aaataaee yaltss It Is eeagruaat in its fimetional ralatians 
vltk tka iaforaatioa that Is kaiag sai^^t** (p. 3^)« Aoewding to this priaei- 
pla of eoa^niaaeei tr&nsitlTt l^^feraaet problau la vhieh infonatloa ftros the 
praalses is not eoagTuan^^ wLth the infomatiM Mught should take Irager to 
•ol^ than "^^ohlws la vhieh the inforMtlon Is eoagruentp slnee adUtlonal 
tlae is aeeded In the formtr type of prohles ta establish eongruenee betveen 
the qiiestion and the prelUses. oppose, far e^ui^le^ the questlan is ''i/ho is 
best?*^ and the ansver is A. Xf A vere eneaded trm a premise suah as '^A is 
better than then solution should be relatively rapid « sinee A vas eneoded 
in teru of the eosparative better ud the qaestion aiks vha is best . Suppose 
that instead, the r^lerant premise vas "B is vorse thu At'* vhieh » aaeordini ta 
Cltfk, eu be axpaaded to Is vorst thu A is bad," nils prmise does not 
eoatala Information ooap!^fat vith the question. The, question oas be ansvered 
only If it is reforMulated to readi "Who Is least badt" Aia reforBulation takes * 
addltloMl tlaet and mm an added stepp laeraases the probability of an enor oa 
a prablaB. If. u eiu>k*s (19€9ap 19€9b) data suM«it» people do use the prinel- 
pla of ooa^manee in Mlvlng transitlTe inferenae problems « then father support 
la proridad for the linguistic m^al, 
lyaluatlen of IrldaBee far LlaiRUstle RepresentatioB 

y^qla| a g£ wrimmcy ^ fimetioaal ralatiopS t ^ obMrimtloaal evldenoe 
to aupf^ tte prlaeiple of. the prlmaer of fimetioaal rtlatlMs is sutf estiva at 
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%nt. e«rtUalr ae streagsr ■ubjMts* Aivet Intn^etlva r^rti of 
^■Alsl. iMgMT. At pMiMt, tto prlneipl* Mwi te ttud ^r* u m ^nvpoal- 

for tte TMainlpi tvo prlBelplca thu u a ^laelpla that la taatafele in 
its MB rl^t. 

y^eipla ^ l«leia ■arklng . Aa mm azlitamea of a mrtlM •tfmet deca 
■ot la Itaalf urgua fbr a llafuiatle repi^aaatatlOD for laforutioo.* km aeted 
•vliari a auBber of la'Ttatl^tora have notleed that tha uaaarked font of a 
itpolar adjaotlva pair la gtnmrtl^ the fon that VDuld ha oi^aotad to appear at 
^ top of a apatial uYay. Aeeordlng to Htittaaloehar aad Rlggiaa (l9Tl), "the 
uoavkad »dJeetlT» vould he towd the top haeauae it deai^atea tha preaenee 
of a Bpaee-^eeupyiBi preperty, ud the urked adjaetive toward the hottoa haeauie 
it dMle^atts the abienet ef that property" (p. k91). An4 ■inee DtSot© et al, 
(196§) proposed that wrkinf from the top dew is easier than vorklng from the 
bottom up Is a •patlal array^ a spatial model eould aaeount for the marking effe§t 

If aa adjeotive pair eoiild he fotmd in i^leh the marked form suggested the 
%Q(p of a spati^ array and the yamarked form suggested Hhe bottom of a spatial 
array t thent Moording to Clark (1969b )« it voiad be ^ssible to disentugle the 
•pmti^ and linguistle aeeounts of the marking effeet. ^eh an adjeetive pair 
is found in deey^shaUoif a vtere deep , the unvked md^mQtlwm in the pair, autgtits 
the Imrnr md of a spati^ wray. Clvk (1969b) has re^rted that vhen subjeets 
ar« presented with linear syllogifiu eontaiaing the adjeetive pair, deeo«shallov a 
the Btasdard murking effeot is obt^neda fliis result • then, s^pms the lin* 
flttatle rathw than the spati^ aeeouat of Mrkinga One must be reluetant to 
iMlte b e tmmea rm^smtations , bovefer, m the tesis of a sint3.e adjeetive pair, 
a^eelally ame that is so wrfpreBentatiYe of adjeetift pairs in general, Another 
aijaetivi yatri aar^ Iate^ is re^rted i uiark (I96fb) to shmr renlts o^site 
to tbose predietod br Itsieal BMrkiag, althom^i the remts oM^ned by Budel et 
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Am (1968) irtth tlili adjMtlve pftlr art eeaalatmt vltb a •patl^ aeeouat of 
thair teta. 

« 

tets pr^Hte ftd^tufttt n^ort f^r the ^laelplt of §Mgrumet« b m Mrlti of 
t^^wiaMtift Petti ud tehali (1973) oM^Md m toi^p-yMn •ffMt wdtr 
MM eireuMtUMt but mt imder etteri, Clark's (l9ifb) dsts pnrtSm mly 
Mak lupport for the^lneiplt of Qonff^mnQm^ ud ''Clark's 1969a data stev 
^kat «bm tte asswr Is Is th# first pramlsst and tlia ssm adjMtlTv mpfVB in 
both prssdssSt a problra is aasler vben tht adJaetlTo la tba qutstlon doas aot 
nateb that in the pra&lsts i2U,J% errors) than vhen it does aateh (31. bS)'' 
(Buttealoeher & Hliglas» 197? » p. kSk). te the basis of the data tram Clark's 
tvo artieles, therefore » HutteiUoeher and Hlggins (1972) retain their ''original 
eonelusion that there is no strong evldenee for *emppuenee (p. k^k)^ 
ft^eesiing of Information in TransitiTe laferenee 
The eontroTersy OTer Information proeesslng in transitive inferenee is 
mueh less sharply defined than the eontroversy over information representation » 
beeause neither the spatial nor the llnguistie theorists have foraulated process 
models. Instead t the theorists have preferred to forsiy.at# their theories in 
terms ;of prineiples. Aese prineiples have been used as a ^asis for differen- 
tia lateaey and error predletloBS Is a that sufcssts that one or more real- 
tima oparatlms may eorrespond to eaoh prlneiple« These operations la twn 
lead to dlffereBoes among ita types la latneles and error rates. The eorres- 
poedMwe has rsmslnsil Implielt rather thM esplleit« hoveveri la the vrltlngs 
of SelotOe luttealooher I and Clvk« Johnsm-Lalrd (1973) aotleed the eorres- 
pomdaaeee amd eoestrueted prMess models based upm the spatial theory of De^ta 
•t lA. (lN5)i the llaipilatle theory of Clwk (1^9b)« and the operatioaal theory 
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mt Wsm» dm)* Tim m^U ttra mi^%& to wHfimA in tuf^tlrat tetall to 
tWMlfieMiM w siBiilAtlan, Lattr la this vtl€lt« pPMMi v»d#lB mr« 
ttot eoR^i^ad mppmKimmtmljr to th« i^tial liafttlttle Mdvlt. 
ttoM proeMS B^ls wt qiiMtlfi«d to ri«ld •ivlleit latoney pr#dietiari«. 
AlteMilM of UfdrMtloa proetssint, thmfort. is tef«rr»d ntll 
Imtmr is tto tftlel*. 

^^t^ ft^ata^ t laa SubjMt Variablai o a Rtprta gatatlen wd Preetia 

fbla MetlM eoaaldars th« affaeti of Mde of prablM prvMatat^^n, ralatioaal 
tmrm^ pTMtiea. aad ■ubjtet diffttnaets oa the ■olutloa of llntv ■yUopiimi. 
itedt #f freblta ftrtaaatatien * 

fraasltlT« lafvrMee prebleas havt bM& presented in a ¥mri#ty of vays. 
Ito praaaat dlaeyaiioa idll to eonfia«d to modmn of pr•t•ata^tiotl far linear 
aylldgitUft of vhieh thart havt b##n four. 

Prtatatati an of vhole problem for unlisited time. Hunter (1957) and Clark 
(1969b} praaaatad aubjteta vith full linear tyllo^iaBSt and gave iubjtett as 
long as thay naadad to ^ODpltte solution. 

Prtstatation of first premise 'fo |.lwad separata ly by saeond arami se Md 
auastion . Huttanloeher (1968) presented aaeh subjtet vltb tbe first prtfnlst of 
a liatar sylloili&, and then asked the subject tvo questlDns Intended to assure 
ttat tto aubjaet under stood tto premise. Huttaaloehar thfn praaaatad aaeh sub- 
Jaet vltb tto aaeaad praaiaa ud flaally the quastion. Lataneiaa vara raeardad 
toc^filag after praaaatatioa of tto aaeaad praaiae, and aadlag^th tto Bubjaet*s 
raap^M to tto tttaation« 

y»>«tatieB of 1^ first |w arMisaa fallaaad aaa^atalt ^ ^ Question . 
Mttf Md tetols (1971) praaaBtod aubjaeta vlth the tvo pFmlw af tto llMar 
■ylldl^at Md ga^ ttasi u loag as ttor sMdad to pfottat tto lafonatian eaa« 
t^a»4 la tt« prM&Mt. Hton tbi mitojaet indleM«4 tkat te or iht vm r«a4y, the 
tMMlM «M pwiMtod Mptffttfly. lAt«Bei«i vtrt rteeriad teth for prtaiit 

pntiMtag Urn Mi fto ^•Mlen preMMUi %im, r, , 
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ftwa—at^ian $f utelt wobl— far fa fgffli;^. aftrk U9$»i)i BMote tt . 

^'Ua^aw for m, psrled ef |0 MeMdi. Tf • nubjtet Mt «U« to Mlvt « pnUM 
mrfwtlf ia tUi neuBt of tlM« hli or teF rvspoBM vm eeustttd u eei<i«e%, 
Ofehtn^M, It «M MUBted u u arrer. 

i£ ■Pi* ^ w^mtfttion . le OB* tea •ystMatlea^ lavtatlgatti 
tte ^^eti of aoda of praMntation ^on rajn^aaBtatlon aad proeaai la llaav 
«rUo(ittie raMOBlag. Data partlaaat to thaaa affaets will te praaaMad in 
tka aJiparteata daaeribad latar ia thia wtiela. Data vary raeaatljr eoUaetad 
ia ^ laboratory, bewavar, auffitst that tha affaeta of praaaatatlon soda ara 
mieh mrm ooaplas tbaa uyoae hai raalisad, aad tbat diffaraaeai ia praaantation 
■odt weowt for etrtaln diserep&ncits th&t App«Ar In th« llttrati^t on lln#tf 
■ylldglttle FtMOfiing, These very reetnt Amtm vlll be pr«Mat,«d in m itparate 
M-tielc Cit«rateri« Note 3)^ 

^ affaeta of ralatioaal tarka (uaually adjtetlvai) hava bMa aoit tborouKhly 
•tttdiad bgr DaSoto at ^. {1965) and Haadal at al. (1968). Tm ebvaetaristiea 
of tba ralational tana haT* raeaivad Beat attantlonr diffaraBeaa in diraetlonai 
profBrBBM totvaan wd withiB bipolar paira, aad dlffartneti in dlffloulty batwaan 
Md vitbia blpolu' p^ra. 

BirBetioBal Br#faraaeai. fha raaawob of DaSeto at ^. ud of Raadal at al. 
kBi aiMBi^ that aiAjMta taad to ordar earteia ralatioe^ pBlri, aueb aa 
]ttllEr9mi.t aad Bora-laaa . vartieally ia mtial BrrBya. Bat tar , 

^ttlt lAB^ Ma iaBarBlly rapraaoBtad at tha uppar nd ef •atb wrayi Otter 
fBlBtioBa Tttira* aueb aa UEUaC-J^^L aM faitBr »«UwBr . tMiBd to avBka hori- 
mbUI tpBtlBl arMTii vlth ui^iK llStt ^ha Ufl aad of aBeb arrty. 

•khar TClBtioiBl yalra, aveb m HiMt~ffftt*' flMrtbar^arar . aad liAtay 



HMt ■^jMta V laeMsiittBt is their dlrMtlGB^ prvf^neaa. 
ayetlQwa amettltlM. Intel 9% ml. (1968) tested MbjMti vlth 
frM.«M MBttiQias a s^ter of dlffkrant ralAtlmal )M»> Alttoii^ they 
<id Mt •xplleltlr tMt dlfftrvneti la ItM dlffiettltr «■ • fuiietieii of 
•patial diiwetiOB, it li elw fnm tbalr teta that rtlatleiial tcrat for 
whieb tttbjvett Mr* laesetiitMt In tteir ■patial dlraetiMa Mre aor* dif- 
fl|iat to proeatt tban v«r« rtlatlQBal ttnu fer whleh ■ubjeeta mm eon- • 
•litmt. VithiB rolatloBal ^irt, teSeto m% al. (I96S) otlwrt hmwm f&und 
that Itau art aasjar wh«B pr«Mnt»d irtth tht adJtetlM or a pair that tneour- 
M*i t©p-doim rftth«r than bottora-up praetsiini, or Itft^right rather thiji 

Prmetif Ifftcts 

^enitftnt strattfp^ . Most theorists sees to aatim that •ubjtets arr tan* 
■tut In their strat*^: The sybjeets quleUy aettle upor a etratei^-^be it 
ipatlal QT llnguietie— Md aalntaln thtt atratei^ throyjihaut their problea aolyi 

Spattal« tO" lloimlitle itratep- ehwge hygetheii e. Citlag the thea^ and 
Oata of Vood (Note b)« Waion and JDhnj jn-Lalrd (1972) have propoaed that 
th^ laexperleneed tubject represents the premiies In a unified foi^ 
(irlth or vlthoyt iaagery) beeauie th^e it likely to be the noraal 
^^tieal wde of de^lag with the relatloBal iBforaatloBp W^t hy 
dlBt 0f ahMF repetition thli apprMeh la likely to give my to a 
yimr aad ■ore ^raal atrateef gewed to the apeelfle emgtrMnta 
of the probl«B, , , .In ahort« iubjeett %Mm likely to paaa fron an 
i^fraaeh M^ogoua to the XMAae theonr to one ualogoua to the 
LXMIZIfte theoqr. (p. It?) 

k§%m4SM§ %m thli tor^hetli, one vould espeet eubjeett to foliev a ipati^ 
wtel MTlr Auriaf their a^rlenee vith linear iyUdgiBi« an4 to tvlteh lator 
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y mi t If traf gy €hMM tenwtheiii > mmwwr m% i^. (irfii) 

item* ftojf aot#d ttet JetaMn-lAlrd (1972) 

harpetteiiMd ttot ^ftgtty is ^udrava in fft^r af a lingulttie ftnt- 
•Sr mttmr prutiei irith tte^t^ttm teritft prablMS« As ^ppetits tm- 
portl MquMet it indieattd b^r auf rciulti, syggtitifui that in this 
€M# fti l#Mt, ^Mftry provided th# ^morm MMoaieil ud tpMil^iMd*' 
•tFfttt^. (p. 173) 

Aaeordiaf to this hypothesis^ then, subjeets art assimd to ^llov s 
npstial strmt*^ #arly during tbtir tiq^riente irlth linear sylloglnu, and 
to sviteh later to a lin*niis*;c strategy* 
Indjyldyal Pifferaneei 

i^ere has been relatively little systemfttis investigation of indlTldyal 
differences in linttr syllopistie reasoning. Burt (191^) vat the first to 
discover that these items dlstinralahtd betw^^en high and lov ability Inllvidusls* 
and ysei the items on a test of mental ability. Keatinr sjid Caramazia (1973) 
foimd rabstsjitlal differenees in level cf rcrfsfrnanee on linear sylloglssp 
between high and lov ability itudents In the fifth and seventh grades « and 
alao m&mm evldenae of strate^ differences* Clark il^9b) reported that kf% of 
Us Mbjeeta in the Clark (I969a) eq^rlMnt reported use of ¥isu^ iaacery^ miaver 
•t «!• (197i*) re^rted a figure of 73l« Nore intereatinglyt they fousd an inter- 
afitlM betveen reported use or amuse of isttgery ud reported relative difficulty 
of fleual ^raua oral problem presentatiM. Subject s vho retried use of iaagery 
vara ^so Bore likely to report that vitt^ preBentatlon vas sore difficult than 
anl pMaMtatioBt iitoraM Bubjaata vho did not rtport UBt of laafary mre wra 
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XiMmlf to report tbat aral prtsant&tioQ vms mare difficult thu Titual present 
tfttlra* ThmM% nti^te §oniiftent vlth th# h^^tbeilf that r«adiiig the 
problcM hAT^ i&tcrftrad vlth the use mf imagery by tlie TltuaJLliiog iuh« 
^•ett. ShaTer m% (197'*) alio reported differential pattemi of eorrela- 
tioM for MQ asd vosm tetveen errors is lolTlng linear syllogims ud 
•patial Tlsualization iaoreg: At least some statistit.'^^ ^ v si^ifieut eorre- 
latiOBS vere obtained for sen but not for women. Finally, Handel et al, (19^8) 
found that subjects differed videly in their dlreetional prefereaees for 
oertaln relational pairs, although these authari did not undert'kke a systematic 
IttTestigation of these individual differenees. At the very least, ve can say 
that there Is evldenee of meaningful individual differenaei in subjeets' solvinf, 
of linear syllogismi, although the nature of these individual differenees needs 
to be tlueidated further. An attempt in thlfe direetlan is made In the data 
to be presented later, 

TKREE INFORMATION-PROCESSING MODEIJ OF TRANSITIVE IN^BNCK 

ft^evlev 

niree information-processing models of transitive inferenee %flll be 
presented. The three models are applied to {mmd later tested on) the most videly 
studied kind of traaiitive inference problem, the linear ■yllogism. The three 
■odels U'e a spatial model based upon the DeSoto at al# (1965) and Ruttenloeher 
(Biittanlocher, 1968* Huttenlocher & Eigglnsi 1971) models, a llagulstie model 
bM«d v^m the Clark (1969b) models and a nev lin^lstie^spatlal mixed model* 
M^ou^ the first tw i&formation*proeeB8lng models are based u^n previous 
■otelst tbty ve aot Ismorphlc to these previous models. In order to make 
tha ampirlei^ olalAS of eMh acdel specific ^ and to facilitate anparisons 
swQg ■^elSf aaeh of the present models (u^lke pi'evlous ones) was expressed 
M (a) ia iBfeFMtlm-^processing model in flowchart form« and (b) a linear 
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Mktbttiiatleal aodtl eornipondlng to tht inforaAtl@n*^proctsiing ttsdtl* Quantl- 
flMtlM of the aoditls permitted sore rigoroue testing of the apirleal eleima 
of the aodele tbaa hai been poBiible in prerious reee&reh. Although the first 
two ■odela ve not Identical to any previous nodela, they do seem to aept^e 
■any of the major iDt\Utloo8 of the prtrloaB models upon vhieh the^ are haeedi 
Th^ third model is not based upon any particulur previous model » although 
pajftB of this new model draw upon previous Dodeli« In its mirture of linguist ie 
and spatial T -oeesieSi it neems most akin to ideas that have been proposed by 
Trabasso (1973). 

The partioular realisations of the spatial and llnfuistlc models presented 
belov u*e obylougly not the only possible ones, llie linear models probably are, 
however, the simplest mathematleid models that eould do Just lee to the original 
eonceptiializations . I have experimented with sore eomplex, nonlinear reallza- 
tioni of the. original conceptualliatlons , but have been \aiable to find any 
implementations that improved nontrivlally the fits to data obtained with the 
linear models* lliua, aJt hough other* more eomplex realiEations are possible, 
it remains to be showti that My is better able to aeeount for data tha^ the 
simple realisations presented here* Similarly, there are numerous possible 
mi^ed spatial ^lingulstio models of linear syllogistic reasoning* Again, hov«. 
ever I it remains to be show that any alternative mixture model is superior to 
the one presented hert# I have been unable to find a su^rior idjrtiire model*- 
llnev or ' QOzillQear— a^nd as %fill be shown, the reslduiU.s of the predieted values 
fl^om the observed data are generally ssall and unsystematic. 

The models to be presented all a^ee that there are oertaln encoding, 
negation » marking , and response operations that oontrlbute to the latency with 
vhieh a subjeet solves a linear syllogism. All full linev syllogiras eontaln 
eertaln tema a|}d relationi to be enaoded, and require a response # Mly some 



Traniltlvt iBfertnet 
25 

listt&r iyUoglui oontaln premisai vlth BtgAtlons and a&rktd adjtetl^i. 
Altteugh the aodtli mgrmw on the prtBtnee of these operAtloiii« they dlia^ee 
u to vbieh 0f the operAtloni ve tpati&l and vhleh are llagulttie. ^e 
■Dtels also dlsa^ee as to vhat further operations are required. This dl* 
^rgenee is pi^leularly imi^rta^t, beeause it prorides the basis f©r dls- 
tlngiUshing aaoni InfonDatlon^proeesslng models via the lintai* models . Be* 
cause thff models are partially nonoverlapping In the opefations alleged to 
be used in solving linear sylleglsms, the models make different lateney pre- 
^letlons across item types. 

The fhr^t models of Mnear aylloglstie reasoning vlll be presented vlth 
reference to an example of a relatively difficult linear syllogisffii G is not 
M tall as B; A is not as short as B; VTho le shortest? The correct ansver is 
and by convention, A viil always refer to the ertreme item at the unmi^ked 
end of the continuumi and C to the extreme item at the marked end of the continuum. 

Process ^fodels 

Spatial Model 

A flow chart for a spatial model Is presented in Fi^ire 2. In this a^d 
subsequent flow charts ^ each box represents a mental operation consuming real 
tlMt Latency parameters correspondljig to each o^ration are indicated next 
to each box. but wlU not be discussed until later « ^ ^ 

Insert Figure 2 about here 



Solution stu*ts by the subject -s reading the first prttl8e» "£ is not as 
tall as B.** nhe nature of the oext operation depends upon whether or not the 
adjectiw is the first pr«ilse is marked. Since tall , the jsdJectlTe enco\astered 
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I 

la th« firmt prttlit of tte •zftmpl«i it lyinaFlitd, ■•riatiofi ^euri In the pFt«- 
ftrrttdp tdp«d0v& dlFtetion: A ■p&tiai mrrmy Is Qonttruetcd in vtaieh £ li 

Ivrtt tht praise is checked for the presenee of a negation. If p negs- 
tim is present t the two termi in the spatial i^ny are flipped in space, so 
that the top ten be§omes the botton term vice versa. In the present 
•Easplet the positions of ter^s 0 sAd B are reversed so that B is nov placed 
over £• 

The suhject then reads the second premise. Since the adjective in the 
seeond premise^ short , is marked, the two terms are placed into a spatial 
array in the nonpreferred, bottom-up direation, with A below B. Since there 
is also a negation in this premise, A and B are flipped around in the ajray, 
so that B is below A* 

Previous work (for example, DeSoto et al.* 1965; Trabasso i Riley, 1975) 
has suggested that end-anchored premises are easier to proeess than are premises 
that are not end-anchored* In other words, subjects prefer to work from the 
ends of the array inward, rather thw ftrom the middle of the arr^ outward, A 
possible reason for this preference is that end*anehored premises bring one to 
the pivot, or viddUle term of the series. If one ends up' on the middle term, it 
is ijBedlately available for use as the pivot of the u^v. If one does not end 
yp on the middle termi one must sei^eh for It, t^ing additional time. In the 
prasMt fonulation of the model (as in DeSoto et ^«*s, 196$), end«-anchorlng 
ftellltates processing of both premises. Huttenlocher (1968) has pro^sed that 
in general p only end-anchoring of the second prmise facilitates ^rformance, 
alth0u^ tbe difference betveen the two forsvy^ations proved Inconsequential to 
tlM OTdar of the aodels to be described, 

O 
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Trmntitivt Inftrmtt 

Tbm lubjcet im aov rmmdy to ■•rlfttv tbt ttrma ftroe the tw jii •iiliin ^ aooi- 
Mal^ lafafWfttlM trom thta, AgeordlBg to teSoto tt ml* (X963)% prailtt in* 
fVirail Inn It fuier to ••riftte fl^w th# top dom rathtr thu trm tbt bottom up 
Ttmrmtwrn^ thm prablM it Mil«r if the top ud middle terns of the m^rm^ oceur 
la %hm flrit prMlie thaa If the bottm ud alddle termi oeeur in the fir it 
premise. In the present example, the hottoa end middle terns aacw in the 
first preiise (C mnd B respeetlvely ) , so that the Infopmatlon fr« the two 
premises i% eerieted bottom*up (or in generel, in vhatever is the more diffi- 
eult direction for e giTen array), 

Hertt the subjeot reeds the question. If the question iidJeetiTe is maj'lied 
the suhjeet seeks the reffpanie at the nonpreferred {usually hattan) end of the 
array « Otheivise, he or she seeks the response at the preferred (usually top) 
% end of the array, in the present eximplei the question adjective is marked, so 
that the more time-consu&lng proeess is required. The suhjeet has now found the 
ahsver to the problem « and ean respond. ^ 
Llnguistie Model 

A flov ehart for a linguistie model is presented in Figure 3« ^e subjeet 

Insert Figure 3 about here 

teglM aolutlon by reading the first premise. If the adJeatiTe is marked^ then 
the relation repreeented by the adJeatlTe Is more Ufflault to maode linguisti 
emll3r» ud additional time Is aonsumed In the enoodlng. In the example « the 
mdjeetiire tall is not marked, so more rapid eneodlng is possible, Itegardlesi 
mt vbetber or not the ^^eative is marked « Infomation about the relatloa is 
atored me a pair of ,teep-^stzn^tural pro^sltlonsi Igji^ tall^i B Is tall), 
lastt tbe ^i^jeet eheoks fbr a megatim. If a aegatlon Is ^^eeat, then the 
fiolee of tte tam In the i^i^sltiont are reTmreedi (B is tall^i £ It taU). 
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nil MYtrtal epe»tidQ« llkt th« raeodlag eptrfttiea for Mrtitd A^jMtlvvtp 
ii ft Uagi^itle M«* The ratir* Nlatlds li ttorid la letig-ttn vMDfyt l^m 
Nlstlra li ftlM vtorid in voting i^MrTt %ut la eeapMieid tofmi (B it ttll#^}. 
fte ■utejMt e«pr«tt«i th# rtlation b#eauit itarlni th« full r«lfttlan in 
wrUAg mmmry vmld um up aari praetitlag ipgat tlubn thm tybjtat baa ftvmilablt 
to aUoeati to tht rtlstian, glTea that be or ibt mist rvtaln tuffleiMt ipaet 
for proetatlag the laoond premiie. 

M3Et» tho iubj#€t raada tht seaond prmlgt, R«re» th« adjaetlva thort 
it MLTkad, 10 ■dditlooal tiae is sp«nt in oneadiag tbt rslatiani ^s rtlstion 
is Initially stared in vorklng wmmQry as (A is shart^» B is short )| and than, 
alnea tbare is a nagatiant the raits of tht ttrms sjt rt^trsed: (B Is shorts; 
A is short). Sinet tht htavy spaet-using tn€odlng optratlans havt bttn eoei* 
pltttd, there is no nted to eampnss the steond prtnlse. Moreover « simee B 
appears in bath prtmisesi it is easily rteofniied as the pivot terra. In this 
particular aase, the pivot is imediately availabltt 

Under iont eireuutanets « the pivot is not inediately available. Suppose 
tbe first preaise bad been "B is nat as short as Eventually « the subjeet 

vould bava retained In mrking Msory the aoapressed proposition » (£ is shorts )« 
Birt alnoa the £ tern does not ap^ar in the seeond premise, the subjeet is unable 
to datarBlne tnm Us her moodlncs of the tva pr^d.ses vbat the pivot term 
is I Saeb nme appears In vorklng ^nory Just anee. Thm aubjeet Is assuBed ta 
ratrlava Aran long-ters ■nory tbe. missing link betveaa the premises i (B is 
mboi^)« teaa tMs proposition is in vorklng msoz^, the lubjaet ean reoognize 
B as tbe pivot tarm* Ait this pivot seareb operation has twiM additional time, 
tota that la this BOdal, the aau*oh for tbe pivot la a aaarob for llnKulstle 
tofrtwtloai v^raaa tbe aavob vas for a^tlal lafozmtloa la the spatial model. 

iBviBg tmnA tba plwfct tbe aubjaet Is raa^ to read tbt quastira. (In 
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tut Md«l| thtre ii ••rifttion Q)p#Ffttion l&tarrcninc b«tv«M plwot tt&rch 
Md fiMStlOQ rvftdlng, b«eaui« tubjteti Art aiiw«d to ttor* itpiyrattljr th« 
ftyi@tlm&l rvlatlaoi uaderlylng tht tvo prralitip) If th* qutttloB eent&lni 
m MFk«d «dj«§ti'rt, additional tlM It tptnt In tnaading It. Fln^l^, tht 
iubjtet It rtftdy to tolyt tht problM. tn tht tusplti tht lubjtat SMki tht 
IndlTlduAl vho It ihorttst. All propotltional Inforutlan li new atdt tTallablt 
to ¥Orklng mmmory for the final starch. Solving tht probltifi tntalli finding 
tht IsdlTldual vho it thortttt, th%t Is, vho li mhort^ rtlativ# to th# pivot, 
but no tueh individual li foiuid in tht tMaaplt. Tht prohlra It that tht forrn 
of the qutttlon is Ineongrutnt vlth tht way In whiah the antver tenn has been 
•seodtdt Vfttrtat tht ihorttst tera, was prtvloutly tneodtd as tall (rtlatlvt 
to the tall^ B), the question asks for the person who it shortest* The tubjeet 
thtrtfo^e raust sake the quest ion eon^ruent vlth the problem tems as encoded. 
Re or the does to by iMking for the least tall Individual*— someone vho is tail- 
relative to a tall pivots or tall relative to a tall* pivot* Th^ subject can 
Aov respond vlth the correct answer » £. 
I4ngulttle»Spatial Mixmd Modtl 

Mptlvmtlon . Two basic Ideas aotlvate the propoted llngulstle^tpatlal misctd 
Mdal ©f trantitlve Inference, The first Is that In telvlnf transitive Inferenot 
imbl«u, •tibjeets ttoi likely to use both llnfulstle Md apatlal operatlcns: 
Flret they Un«ulttieally decode the verbal Information presented In the premi.es; 
ttes ttej apatlally reeade the Information into a form that per^ta the transitive 
tntmrmmcm to be made, ^a kind of idrture model It ooatlttent vlth the obvloua 
BMd for aubjMtt to Inteirret the verbal Input preaented to th«, and with their 
f^Vant r^porta of apatm Ima^enr In egmblnlnt Infomatlon from the two premlaes, 
the pMitlM mo^ed tere la -aAmliar to that adopted by Lavaon (19TT). vho In 
■ty^ylac linear erderlag jn^bloa oooeluded that 
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ilkftt«f«r %hm wmtwrm %hm n^amtatioai %hm resist • mf thim study 
Indleatt that tve dlitlfiet typci of InfaimtlaQ an aTmllaMa la 

i 

mm^Tf* firitt lafonatlaa about ^a hollatie Idaa aMVvyad bsr tba 
a&tira Mt af aastaaetii ud laednd, Infamatlan is prapeiltlaaal 
twm ^aut vhat aaataaaaa vara ppaaaatad. (p. 9) 
ZAvam aufiaati that hollitie '^evladga of tht ardariag !• rapraaaatad in 
a foFB that im aaaloiEieal to a vltual dapietion of tht leana <HuttanlD€htr« 

imr (p. 8), 

Tha aaeond basic idta is that a ■ajor but prariauily unappreeiattd leuret 
of difficulty in talvlni^ transitiTt infartnet prablMt is tha naad of the 
aub,1aet at ▼aj'ious points in the salutiafi proeass ta laeatt apaelfle itm in 
tba apatial array, in partieul&r, tht pivot and tha rasponst. In salTinc a 
transitivt infartnet probltm, the subjeet's mind's tyt travtrsas tht spatial 
array as aa^ssary. Evti^ tint it aoras fras ana laeation to anotbart nal 
tiaa la amaynd. This notion of Tlaual seanning of a apatial raprasantation 
la aoaaiatant vith the sorts of visual aeannlng proaaasas suggaatad by Shapard 
(Coopar h Sbapard, 1973; Shapard i Natilar, 1971) and by Kasal^ (1975)^ Tha 
baale aotloa la that Beanning of a rlaual array is analogaus ta ^eunlng of a 
pbyaleal array » and in it a touraa tonsmas Maswabla tist, 

Proaaaaiq g atrat agr . A flav thart far tha propostd liaguiatie-apatii^ 
aixad Mdal is praaanttd in Flgura k« nit subjaot baglna salutlon Ay raadini^ 

Insart Figura k about hara 

tha flrat pr^aa. In ordar for tba pra^sa to ba undarataod« it mint bt 
fiiraulatad la taraa of tba kind of Aaap^struatiml pr^^altims pro^sad hf 
tte llac^atle ■adal. teaodlag a a^ad adjaatlva into this iMp-atmetitfal 
tsismmt tatea iMgn' thM anaoding aa mswrkad oaa* Also, tha praaMoa of a 
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!■ Mt M M B"* li orii^lnilly fon^mtcd ai (C It tall^i £ ii t&ll)» 



•si it tbM ntonulftttd M (B is tAll^i £ ift tall), u in tbt jLlMulitle 
wdtl. teat thm te«p-itFuetUFftl propoiltiona for th« prmit* art la fioal 
liBfulitle f^n, tht ttru of tht pro]^iitiont art ■•rlattd ipatlally. If 
thtrt it a Barlitd adjeetlvs, the aubjtet takti additional tlM In ttrlating 
tht rtlatlon tpatlally In the nonpreferrtd (uiually bottM^up) dlrtetlon. 
If the adjtetiw It att marked, then the pFemlit it ttriattd In the preferrea 
(utuallr top^dova) dlreetlQn. Note that vhtrtaa a at^tlon It pfoettted lln- 
^ttleally* a Barked ad.le^Mve It proceited flrtt llnwlstleally (In cam- 
prthtntlon) and later ipatlally (In itrlatlen). After itrlatln^ the flrtt 
prtmltei the tubject repeats the itepi deecrlbed above for the teeond prenise. 

In order far the sub^^eet to eatablne the terms ©' the premlieii into a 
aiaglt tpatltl array, the tubjeet needs the pivot available. The pivot it 
tlthtr loedlattly available from the lln^ltti§ eneodlnf of the pre!<iltet« 
or elte It sutt be found spatially, Aeeordini to the aliitd sodel* there are 
tvo^ vayt in imieh the pivot ean beeame available lantdlately: (a) It It the 
ningX^ rtptattd tern f^om all previQui lia^istle eaeadlnit; or (b) it it 
the laat ttra to have beta llnguittically tneodtd, Thttt rulet have different 
laplltatloai for affinatlve and atgati^ prtmlttt. 

la probltat vlth two affirBatlvt prealtett the pivot it alvi^ft iaiiedl- 
ataly cvailablt^ tlaoe each premlte hat beta lli^uittieally taoodad Jutt onee, 
Om tara* the pivot » la dittiaotlve tram the othert ia that sort thaa oae re- 
latimal tag baa bMa attoeiated irlth it, one froa ita taoodiai ia the flrtt 
prt^att Md Mt trm Ita meodiaa ia tht atooad prtaiat. THe otbtr tvo ttru 
aaeh havt juat a ttagle ralatlonal tag aaaaeiatad vith thM« 1%e aaeoad prinel 



3? 

Hr9% priMlplt f&lli. 

fhm M« ef dit^BetliF«n«tt M a eut to tb« AdMtity of th« pl^ot fftlli 
la preUMS vl%b at l«ut m« OMfttlvt prMli«« In th«a« pfoblMi^ Meh 
prvsin eratalal&i t nMAtim It •neod«d In tw diffvNBt v^t— in its orlni* 
fial meodliig and in its r#forBul*ttd eiieDdiM in vhieh tht roltt of tht ttfsis 
ba^« b#«n r*¥«rstd. The pivot ii thertfoM no lon^tr tht only ttrm vith mor^ 
thM on» rtlMlonil tM aaioelat^i vith it» «nd it thui loii#i iti dlttlnetiv#- 

Tht Subjtct autt thertfort itareh for tht ttrt* irtth tht Itfirttt niuibtf of 
rtlttloMl tM>i ualtti he or iht ean tpflv tht iteond prinelplt. 

Whtn tht dittinetivtntsi prlneiplt fails, tht iubject atttmpti to link 
the firit prtmlit to the lait term to h*iy# ^een tneodtd in wrKlnir menor/* T 
this ttra of the seconi preminr hAppenr to be the pivat, tht llnH is n\xrr^nn^\i: , 
and the iubjtet ean proettd with probltm iolution* Pivot lear^h can thus be 
a^oidtd if tht lait ttrm to have bttn tneodtd it the pi vet. But If thit ttrr. 
it not tht pivot, tht link eannot be Baie, and the iubJtet autt ttareh for the 
pivot— tht ttrt vith tht largtit number of relational ta^s, Thit tearch for 
tht pivot taktt additional time. 

Onet tht pivot hat b#tn loemted, the tubjtgt teriatti tht ttrsi from the 
two tpatial arrayt^^ta a tin^t •patlal mrrmy. In for^mg tht array, tht 
aiAJaet ttartt irlth the ttrnt of the firtt prtaltt, and endt vith thatt of the 
^ooofl prMitt, nit tubjt§t*t MUtia location afttr t«rlation» ttertfort, it in 
tbat half of tht arr^ dtteri^d by the ateond prtaltt* Tht a^Jtet atrt rtadt 
tht quattioa* If thtrt 4a a aarked adjtetivt in the q^^ttloSt tht tubjtet irill 
takt iMfar to tMOda tht adJtetiTt» aad to a#ak tlM ratposat at tht BonprtfarFtd 
(niyAlly tettOB) asd of tht ajray, T^it ratpontt or uy not be l»ediattly 
a^ailabla* If tha eorrtet mnwwmr la lif^^ half of tha ari^ vhtFa tht auhjtct 

EKLC ^ 



TrmniltlTt inftr#fif# 
11 

J«Jt eoipltiad Mriation (hit or her Artlvt loeAilon In ih« Ai-rmyi. than iht 
M«pm« vill to ftirmilftblt iaMdlatvly. If th« Qu«ftian rcqylrei m mimp ^ 
ft>«a tb« cfthtr half ©f tht arrmy, hwt^r, ih» tubjAet vlU hirf t© Mureh far 

rvtpem*, MQtUly tfAv^r lin^ th# wpay ffn« ont h^lf to th# cthtr thtrtfey 

Onm final ••arch oymr^tinn in umm\ optionAjly wdtr tpAeial cireM^ 
•tMevt. If tht iub^ltet hai eoniiruet#d a iharp ipatlal •neodiax, thtn h# 
or ih# la now rtady to f#tpond with th# eorrtct anvv»r. If tht iwbitet'f #n- 
eading it fuisy, ho^wr^r ^ thp lub^l^ft say find that h# or iht It vfitblt tn 
Mtpond with t rtatoniibl^ d*irr^^ rtrtftlnty. Tht iubjtrt th#r*faft ehtrkis 
lilt or htr ttntttlTt rtiponat ti dtttniln#d by tht tpatial rtprtitnttt i an with 
th# #nct.>ilnfc? of IhA* ri»iy'^.rk H*' ttrm In th# Hn^'iis^M ■ r«»j>ri»%»nt *i* i 'ni , If 
tht qutstUin an 1 ftiponir are cnnrru^nl , th^ ehtek it iyee*tiiful% and th# • jb- 
Jtet Fttponi^ . If t q j^n* 1 in Ant rtip^nit trt nnt eon^rutnt , v ^^v^i ^ th* 
•ubjtct ftform'ilitei th^ luestlon to tsctrtiin whether it can bt aadt conrrjen* 
with tht rttponit. Dnly thtn does h# thi* reif>oni, . 

Tba notion of optional ••arch for eomrrutnet dtptndin#p upon qvillty 6f 
taeoding nakts t ttronir pftdictlon: that the uit of thla additional aptratidn 
•boi^d be asiociattd with rtduetd tneoding tiat, IiidMd, iubjtett tttk %q ti* 
Mblith eoi^^nitQet osly baeauat ttey did Dot takt tht tlM to eraata a tharply 
dafiaad tpatial a&oodin^. Exptfimtntal ■uipulatioet ^an bt aoatrollad to that 
tte tubjaet It titbtr tncouractd to or dlteourt^itd frtm ertatla# a thar^ tpa* 
tlal «eodlQ|(« The ts^riBtntal Molpuittieni that rttult In am or tht ath#r 
kind of aaoadlDg id.ll bt dtterlbtd lattr« at will tht dtgrat to vfiieh tht data 
toofon to tba ^Mletion Badt abavt* 

Aa Mdalt all agrM that ■arktd adjaetivaa Md at^atiofit ahould ineraatt 



MlMtM lalMejf. Tfe«y 4ieM^M» hawiT«r» to why •Diutiott Ifttme/ !■ tBepMi«a. 
AiiMAiai t« ite spstlii antel. Mlytim lattney li ifter«Mti teeftu«« pfoetiiinit 
MifttteM ^ MPk*d «dj«eiiv«i M^uir^t m worm eoMplag •nta^loi af InfafMtloa 

%im Msulti fTM UafMatd Alffie\a%r In m Uni«ylitU •Ma4ifii pr^aii, Ac- 
eordliif to tb« mig*d MMel, iitKAtioni p#iylf# a snr* eMplai liniiulitie Meodlnt 
pfMMi« iiteraaa wmrkmd adjteti^t ra^ulra firii Bart eofniiUx llniruiitic mn- 
eddiai ud ih«Q BQr« covplti tpAtifti •neodini^. 

' tto* Mdals a^aq M^'M ibttt aoM fora of plv^t ■•aren !• BMdad yndtr 

•paeial circyBitAncti . Tht aDdtli dliMrat, how»vtr. ai to what thti# eir- 
ewataneai ar#. In th» •patlal Bodal, rlwt ••arch la raqulrtd for pf«mia#i 
that mrm na* •nd-»rhOFP'1 , th«i* t*, far rri*mlf<??i In i^lrh thf flrit ttra in 
tht slddl* rather th^ an and a apatial array » Aba«nei» af tnd^anehor Inff 
eaeaaaltataa a aaarch through tht fiaualliad apatial ^ray. In tht lln^uiatle 
■odtl. pivot aaareb raauita trem co^raaaioa of tte flrat pmdac in tht dt#p« 
atryatural •Qeodlnff^ If tht ttrm that vma dropptd froa vorklag Maonr In ear- 
prtaaian happtQa to b# tht pivot ttra, than tht aofejaet haa to rttriairt that 
%mrm baak fi*oa loog-tara Maory. In tht nixad m^ml^ piWt a«tfeh la rtqulrtd 
If tlia raforaulattd daap^atruetural vtralM of a aagatlvv aaeofid praadat dota 

Mt tmwm %hm plw&% la Ita lattar (aad tenet wat ratatttly availabla) propoaltloii. 
fka apatial wd ^xad ■Ddtla acr«t that tht tana of t^ t«o pnnlata 

mm eariblaad lata a alult» ynifltd Mprtaaiitatlan. ndm oaMaatlon la ae* 

raiplifUMd throiiit& a atrlatlan deration la Vhleb aaeh of tba two partial apatial 

amyv la lalfiad lata a almUt arra^« fht llaculatlt aodal AlaafrMti Fune- 

tloMi ralatldM tmm tte tvo praalaaa art aa^u^taly, 

ttt liasttiatia waA alnd aotela ai^aa la tba aaad for m oparatloa to 

MMUtt ^agiaaaca hatiwaaa t^MttlM Md aaamr. hut In tM alMd nodal • tba 



n 

Mt^llMMttt df edairy«ae« li epiirm^, li It ui«d otily vfiM tte •pAtlii 
MmAIoc of %mTmm la ef iMufflelMt quaiity to p«f«lt ^te lubjMi td rtt^d 
%0 tto ptoMm iriih • r^MMftbla d«(f^* of eartainty. No dp^rmtl^ far %hm 

of 0MffM«iit« •stvtt In th^ •p*tl4l Kdcl, 

s 

b tte ipAti4l •ubjMta mrm hypo%b«iii#d to proftr vorklM in m 

otrtalo dirMtiofi (ytually top-4ovn) botMvn m mII m vithln pmlMi. 
□•Mrmlly* thit pnfvrvnet mmtim thftt txtrft tiM irlll b« tpont In ■•Flatirin 
if %hm %mrm mt tbt pr«f«rr«d tnd of thf^ ftrray do«i not oceur io tht firit 
prmj mm * Hn eorrvapondiiiff ' 'addit ionwi l»t#ney" •xitti ia •ith«r th» iin- 
ffulttie Of mix«d fto^iti . 

Zfi tb# Xlai^iatie •ubj#eti i#ireh th# d«#ps^ttra€tyrml prapn^ 

• itioni far th# t#r» thmt tusm^^rn th* qu^i*iaii, Tn a •f«*im1 ftf ray » it 
it obvloui which imrw. eorftspofilt te whieh qy#itiari mdj^etlvt, for #xMpl^. 
tht tall«tt ttrm ffii^jht b# lit th^ top, tht ihortttt tor« mt tht bottofa. In 
liejuittie prapotltiont « ihtre is no tueh obviout eomtpotidene*^ to that 
tiM tubjoet iiytt cheek both txtrtM ttnt rvlatl^ to tht piToti tMkin^ 
%h9 eomet ut¥<tr, 

Ia tht aiitd aodtl « •ubjtett havt to starch for %hm rtiponit to tht 
prablM If thtir aetlTt loeation in tbtlr final ipatial arr^ it aot in tht half 
0f %te amgr ewtalniat tht rtapMM. Subjtett Mstally traTtrat tht amy to 
tto titter balfi l^ki^ tor tht rtt^nttt Ro oorrttpOTdlag optratloe tsittt 
la titter tte apatial or lia«uittie aodtl. 

^naaUye tte ■odtlt a^tt that tht final o^ration it a rtapMtt pro- 
ttaa^ vtertbir tte aiibjtet atltett hit or ter aatiftr, 

^ iiatht^tioal Itedtlt 

ItetkMalital ■odtlt irtrt forMlAttd trm tte iAforwtiofi-prootatliig 
■oitit igf Mmatag tteEt <a) tMh optratlM rtprttta ttd ^ a ten la tte 
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ef ft liMtf trlldglM, Mil (b) ih«t« edfitrit Jtia^i ta^fd ftelutim tlM ftft 
ftA&lti^* f^raulatlon of thu MthMfttiefta vatla in thp eMt«ri of %hm 

prttMt tsp^r^Mift cftfi b« dAAerlMd only ftft«r th« •ffp«riMAtA Art dtft€rlb« 
Mi to tetftili af thft ^uMtlfiefttlon viU b« dtf«rf«d until ft lftt«f ••etlon 
of iM M-titl*. 

apmiHK^ki TKSTB or thf mddkw 

four tr^riii^nti vtr^ eoniuettd. Th# ft3fp#rim#nti vert Intradftd to ftd» 
dr#ftft th* thP#^ th»of#tlrft.l quoit Ion* rftiiM fiPftJ* th* b^nlnainil of th# ftrtlf 
Hiys . th# •jip«rla#nts pfoifidp •yld#n. p eancftraiM (ft) tht r«pF«ft«stftti9nt of 
IfiforMtion dui-inr thii ioUitinn of triJiiitlTt lnf»rftne« pFdbltfii« (to) th# 
pfOc#iA#t a.tln^ u^*^.4 the a** r?; rtsentftt 1 ni , an 1 their iniiviiual Iftttncits, 
(c) tht •ff#cti of prob^tm pr*»nentftllon . ft4<«etiv«» fttfltiofit ftnd 

Indiiridyftl diffftrtncti up*-n r^pftientftt Ions ftnd pracesits. 

In the firftt #xp#*r km#nt, ft pp#euftlft|| pftpftdilp ^fti ufttd in ordtr to fttpi 
■fttbftaftticftl pftj'Wtftftfft that othervifte i^uld hftve b««n eonfawdtd (ftM Sttri 
l^TTb, Chftpter i*)* In ft prteuftd eanditlafi, ftub.lwti would rmtmlwm olily Pftrl 
tht probl«a. Th«y wuld be aikvd to do fti aueh infom^iofi pFoeMftlnic fti 
ilblt on thii pftft of tht prabltB ^fort b«ln^ ihevn th# p?ebl#m n iti Mtl 
f^ft F^eMloi pandi^ pr«ft\aftbly foreftd lubj^tft to rtad tht quttti jo lul 
«bOT«M Johnftoii*lAird I9T2) l^i ■u||iEtst«d thmt ftubjwtft afty typleftlly rtftd 
fMStlM nrfttt prior to rtftdlM tht prtaiBtt. In m ftteand ti^FtMiitt tb#i 
^ ilailar pt^eMisi parftdlffi vmt uatdp txetpt tbftt tbt qytfttlott «M prtsmti 
f^lloifta ^ tht prtalftti* Tht pfteutlai^ p^^lip In thlt tl^FlMntt hew^ 
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Ittt that la ^ t^ftatnt, may have foretd lutjeets to sd^pt m llntar 

Vfoe«tiiiig it»t«of that Mflteted the partieular ordtr In vhieh th« llaes of 
%hm hapi^Md to be preaented ^Ing ppeeuelng. In a third ea^rlatnt, 

tterafbre^ iWHtcutlBg of the sort used la the flrit two ejEpertaeats vas atan* 
doMd, laatead, aubjeoti reeelved both tw-ttm ud three-ten series prob** 
las on separate trials | the cOTbinatloa of ItMi types pendtted sepwatlon 
of parweters la much the same way that preeuelsg did. In this ese^rlment, 
and In the tw precedtsg it* each subject reeelTtd eTery problem ty^ with 
aaah of three different adjective pairs, ait this design may have enabled 
aubjects to recognlie the applicability of a particular strateKr to one adjec- 
tive pair, and then to ei^ry this strateo^ over to other adjeetlve pairs, 
rtereas the subjeot ml^t never have used this strategy on either of the other 
adjective pairs had each been preaented in lialatios. For example, a seemingly 
spatial adjective pair like taller^shorter might prime a spatial strate^, 
vhereai a less ^spatial adjective pair like^ ^tter^worse ni^ht prime a linguistic 
etratecy. Shaver et al, (197^) have ar^ed that priming does Indeed occur, 

.V s, r ^ ^ 

In the fourth experiment, theref©ri| tWe proq^eaurei of Ekperiment 3 were repeated 
exeept that^^each subject received it^s^ all of which contained the same adjec-^ 
tlvt palr# 

/ 



ftAJaclJs in tecperlment 1 were l6 Stwford un^^^rgraduatei preselected 
from the latroduetoiY piycheloor subject pool. All kUl subjects la latroduetoiy 
psycholosr reoeived two brief ability tests i (a) a 3-«laut# word-^lasslficatlon 
t«at requiring the subjeets to seltet one of five words that dlda't beloi^ %fith 
the othar (b) a 3«^aut6 mental rotation ttst requiring aubjeets to Iden- 

tify vhloh of a Bwber of geoDetrle foms were rotatad vtrslona of a ttf get 
C^'mm^) wd vbieh wart teth rotatad aad raflaettd ▼•rslmi of the target 
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("difftrtnt''), Tht ttsti nmrm adminiittred to all ■tudenti ilaiatMtously, 
Md wmrm of the pefteil-and-paper wriety, Fbur subjeets wert then lelegted 
for •aab af four groups i Hi Verbal - HI Spatia, Hi Verba - L© ipatlalp 
to Vftmi * Hi ^tial, Lo Verbal - Lo Spatial. A hlfh score was defined as , 
one between the 75th »d 95th percentiles on a given test^ a low seore ' 
defined as one between the 5th md 25th percentiles* . 

Subjects in each of Experiments 2 and 3 vert 18 Yale students, Md in 
Bcperiaent k were 5^ Yale students, froa introductory psycholoffir who volun- 
teered to^ participate in order to reeelvt credit toward a aourse partieipa- 
tion requirement, Subjeets were nonovtrlappinc between e:^eriments , and 
were not prescreened in any way. 

Materials 

Stimuli , The basic experimental stimuli were 32 ty^mn of linear syllo- 
gisms, Iteffii were conitrueted by vai^inp whether (a) the adjective In the 
first premise was marked or unmarked, (b) the adjective In the seconA premise 
was marked or unmarked, (e) the adjective in the question was maj-ked or un-'iarKtd, 
(d) premises were affirmative .(for exMple, John is taller thm Bill) or ^ 
negative equative (for example. Bill Is not as tall as John), (e) the correet 
ansvei was in the first premise or the seeond premise * In aEperlment 1, three 
adjective pairs were usedi t^ler»shorter , ^der^younger ^ faster-slower . In 
ftqperlaents 2, 3, and the adjective pair better-worse was substituted for 
Qlder»youiper . Terms of the problems were coaraon first names. Half of the 
AiMt vert of sen and half of women, although men's and wmen*s nues never 
both ©ceurred in the same problem. Half of the names were one syllable in length i 
half were fevo syllables in length. althoii«h all names irttMa a given problem 
had the same niaiber of syllables. 

4:: 
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^tJisltlye Inftrtnc© 

^llity ttits . In fieptriatnt 1, Bubjtats reeeivtd three Ytr^ia tests « 
•^fttliQ tests i sad tw sbstrset re&soning tests. l%e irerb^ tests vere 
^MBg^-wtonyss sad verbal sn&loiiei trm the Cm§ept ftesteiy Test* and the 
wwd blMsifiestion test used for ^eseleetloii# The spatial tests vere the 
WsMSotft Fsper Perm BoM-d. the Preneh Cube Cmpmrtnon Test, uid the Preneh 
Card Rotation Test, vhioh was the test used for preselection. TOe latter 
two tests are from tht Preneh Kit of^Heferenet Tests for Copiitlve Factors 
(Prenchj Ekstrom, & Price, 1963)* ^e abstraet reesonini tests wre Flgurftl 
^saloiies from tht 193^ form of the toerlQan Counoil on Edueation (ACE) Psy- 
chological Examination for College Freshmtn, and the French Figis^e Classlfl* 
cation Test. M additional test, the Gordon Test of Visual toageryi vas also 
used, but since it was imeorrelated with anything else, it will not bt con* 
sidered ftu^her. 

In Ixperiatnt two mora verbal tests, a steond verbal analogits test 

-A 

and a sentenct oomplttion test, wtrt added to tht battery of tests described 
above. The i^rdon Ttit was dtltttd from this and subsequent txptriments* Test 
2 (flfure elassifieatlon) from the Cattell CiUturt-Fair Test of £, Fonn A, was 
substituted for tht Freneh Figure Classification Test* Mhtrwist, tht iaine 
tests vere used as in Ejcperiment 1, In aeptriment 3, tht Concept* Mastery Test 
ms deleted, but all other tests were the sue as in ^tperlAent . l^^riment ^ 
used the sentence crapletion test, Formes of the Differential Aptitude Test (DAT) 
Vertal Reasoning (ui^ogies) subtest, French Card Rotation » ft'ench Cube Compari- 
MatPeni S of the DAT Abstract Rtasaning (series) subtest t and the ACE figural analogies , 

AOTaratus 

1a Ei^rlMat 1« linear syllogians were present id rim m loonlsc three- 
ehaimel taehistoscope. In ficperiments 2«b, linear syllogisms were presented 

■* i> 

o 

ERIC 



Tr&nsitivt Inftrmet 
ho 

wim m terbrudt tvo^ehsyonel taahlfttoieope* 'naming vms to thm &e«rtit ■illiiMo&di 

fcEPt;*lBent 1, Subjtets vere first told the nature ©f the linear iylleglsm, 
wd ttes wr# iDtrodueed to the t&ehistoseope and hw to uit it, Flaally, they 
n^rt Infrned of the maainer in vhieh the linear sylloilsms would he presented, 
5hey wre told that #aeh trial vould he divided into two p^tsi prteueini and 
•olutiont In the fint part of the trials suhjeeti might he presented i^th ad- 
.Tanee infori&ation that vould help them solve the problem. Buhjeots were told 
to do as 8iu€h proeesilng as posiihle on this advance Infomation, taking as / 
laai as they needed hut no longer to utilize the information fully. They were 
then to press a foot pedals which would result in the full linear syllogism 
appearing on the screen. They .were to solve each problem as rapidly as posii- 
hie without making Bn error, Thty were then to indicate by pressing? one of three 
buttons on a button panel whleh of three .responsei (left| middle, right) was eorreet. 

The precueiag manipulation was similar to that used by Potts and Scholz 
(1975) in their study of llnew^ sylloRi^'mi, and by Sternberg (1977a, 197"^) in 
the study of analogies* There were two eonditions of preeueing* In the 
first p only a lighted bl^ik field appeared. This condition t of course, supplied 
so advmnce information* In the second condition, the two premises of the problem 
a^raredi Tor exaaplti *^Bmm is taller thsA Jm. Joe is taller than lob.'* Thm 
full problem alwayi appeared in the second piu*t of the trial # A typical problem, 
typed la IW ORATOR t^eface on a € n 9^ineh index card, appeared in the followinr forms 

Sam is taller than joe* 

Joe is taller thu Bob, 

Who is tallest? 

Joe Bob ' Sam 

o 
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a]^ind m tetton lint in randOB ordf^. 
fti^laf vu iidfit orer tw Msslens* ^nit firat •taiioa tegu vlth tvo 
trial ^Mks of l£ Items #Mh« talf ^ §utd ud half wou#d« fttt blMki aliQ 
CMtiatad of 16 itms oash, vlth ttstln|^ alttraatiag ^tvttn eutd and tweued 
lt^« In this mxpmrismnt^ adjtetlvt %mm ooafoundtd irtth prssentatlon erdtr, 
Subjeetf rtetiwd ItMS irtth tht adj#§tiv# pair tri^ltr'ahortsr follwtd hy 
fast#r*slwtr in Session li In Seislo^ 2^ subjeots reetivsd blocks with bath 
of tb#s^^adj©eti VI, pairs plus the pair older^yo^gtr ■ In this session » 
^t^re vers tirtee as many IttM irtth the pair older^^yoynger as irtth the 
other two pairs * so that by the end of the sesslont subjeets had received eaeh 
of 32 item types with each adjective in each cue condition. Ability testing 
was distributed over the two sesslonij \rtth the ability testi al^ys atoinls- 
tered at the end of each session t 

Bcperlmont £* "nie procedure in Experiment 2 was the same as that in Ibtperi* 
Mn^ 1, with the following exceptions t 

First, items were presented In a question-first format. All items^p- 
typed in im ORATOR typeface on U x 6-inch Index cards In the followinp. 
fom: , ^ j 

# Wio Is^ tUlest? 

San !■ tWler than Joe. 
Joe is taller than Bob, 
Joe Bob Swm 

Saeond, there were three rather than two preeueing conditions. In 
the useuad (saro-eue) condition » subjects received a blank field in the first 
put of the trial. In the one^cue condition, aybjects received Just the question 
ia the nret paz^ of %hm trlali tor ascuipleft -*^o is talleitt" In the two^cue 
eoadltioni subjeets received both the question and the praises In the first part 
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©f ^ trta, ftor anvlt, •nm© !■ talltitt Bmm Is taller tliu Wm. Jm is 
teUcr ttea Bob.** fhs full Itta vms pnssBted In the ••eond pirt of 

i^th* tflal. ^ 

^^rd, ttie ttdjMtlTt pair ^tter«vQrst ws substltuttd for oldtr^yotrnger > 
vltli taUtr^shorter ud fMtsr-sloyer maiaiac m in bporiiwnt 1. Purthtr^ 
mmrm^ tte FFtssatAtioa of adjeetlves ms eoBpletely eounttrbalanesd ever thrtt 
MssioeSt AfaiHi #aeh subjeet i^eeived taeh Ittm with t&eh adjtetlvt 

tseh precusing eondltlon, 

Fowthj the first part of the trial was terminated by a hutton rather 
thM a foot pedal. 

teperiment 3^. In ^perlnent 3 » as in Experlsent 1« Iteas were presented 
vith the question following the premises. The ehaiee of three adjeetivei was 
the same ai in Experiment 2* with preientation of adjeetlves over three ses- 
sions eompletely count erbalanotd« 

In this eicperlment* there wai no' pretuein^ , Subjeeti reeeived only full 
problems. But In addition to reeeivlnff linear ^ylloglsns (three-term series 
probl«Bs)» subjects also received two*term serOi probltes, which took the 
following form I 

Bsm is taller than Joe« 

Who is tallest? 

Sam Joe 
FoUovlag Clark (1969b), the ungraasaatle^ superlative rather than the 
graMAtieal ems«ratlve ms^sed in the question In order to laerease uni^ 
fo»lty with the liaear syllogisms. Order of names m ^e bottoa line was random. 
Baeh a^Jaet Meelved eaoh time-term series problm type ttoee times with each 
aijattiviti •Mh iubjeet reeelytd eaeh two-term series problw t^ fow times with 
•aoh adjMtlvs* fhe Identical Itms were never used more than onae, however^ 

4o 



ERIC 



n^utitlTt Inftrtnet 
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■hms WBrm ebuiftd on rapttltl is of prebln t^s. The elffht tmi tvo^ 
Mrt«0 prablMi iM«d is tto •xperiaeat Taritd In vhtther (ft) tte preslst 
ftdjMti^ wft Mypked or worked « (b) tht qutitien ftdjtetlvt vu Mrktd or 
lUnrkftdt (§) tht ptm^mm mm affirmfttlT© or negative tqufttlyet 

fe^rlaent ^« ft*MtduFt In &cp#rjAent k ms the saae as in ^perlnent 3, 
mmmpt that (a) 16 auhjeets in each of three groups received itMS vith only one 
of the three adjeetive pairs taller^shorter ^ hetter^werse , faster^slewer , 
(h) eaeh suhjeet reeelved each two-tera serlts problem type three times with 
eaeh adjeetive pair/ (e) testing was done in two rather thM three sessions, 
with the first session devoted to series prohlems and the second session 
devoted to ahllity testing. 

Pesign 

aiperiments 1, 2^ and 3 used fully withln-subjeets designs i All subjects 
reeelved all Items. Experiment k used a tetween^subjects design aeross adjee^ 
tlve typesi Subjects received problems with only one of the three adjective 
pairs^« In Experiments 1 i^d 2^ precueing conditions were completely crossed 
with item types* that Is, each of the 32 types of linev syllogisms appeared 
in eaeh cueing condition « In these experiments i the dependent variables were 
responae tisMi for the first and second part of each trials In &9erlments 3 
Md b» tkiT slacle response latency for pach item ms the dependent vufiable« 
Ifidtp^mdant variables were adjective marketaess for each prwise and the 
eMolusion» polarity of premises (afflmative or negative equative), ud lo- 
eatlm of oon^et response (first premise or second pre^se)« 
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ttiiiitlfiefctlop of InfonMtlop*ft^tsilM >tod#li 



rapnsratlag th# dur&tlDn of Meh Infora&tlon^proottii&c 
eams^mnt w# th^im n^xt to tuh box of tht now ah&rts. The design of the 
•i^rteents a&de It ^islhle to est lute %me^ hut not of theie pu'tme- 
Wfp 1b u ynooiifotmded fAshlon^ ni^hle 1 shovs the puraaeteFt that mre 
#8tiMted for •aeb iO^del In eaeh experiment. Thm eontents of the t&hle 
iflll be intei^reted fiilly for the mixed model. Interpretation for the 
other tvo nodels follovs ^ong the sme lines. 

# 

Insert Table 1 about here 

The imBiffi of the experiments naie i,t poostbJ%*te ettlMtm* the duratiens 
of negation (■!•), pivot leareh (PW)* respoMa search (US), ai|d noneongruence 
(HCOli) in an^i^eonfounded fashion in ea§h experiment. The optional noneongru- 
•nee operation was relevant ta the task only in Experiments 3 and where the 
absenee of precueing was hypotheiist& ta resxUt" in hastier and 4ess sharp en- 
oodings* The NCQN pfLTMneter was thus estimated only in the las% tvo expefinenti. 
Response eeaponent time (RES) eould be estimated in isolation only in acperiment 
2* 'Tbis paraMter includes time to scan the presmted answer options , as well 
as to indicate a response. 

la %iX four experiments, seriatlon of the two premises into a single array 
pmlkf reding (PR), ud encoding and seriatlon of relations described 
br marked adji^^ti^es (miARl and miARS) were confoi^dfd. The slBgle e^lnated 
paraMter for tfttsi confounded encoding operations has been desipaated SIC*i^.(fhe 



ia this aad fiitiuf'^ parMieters represents a sLlxture of o^rations.) ENC-t- 
ooatidas a slightly different mis^ure of operations in ^erlaents 1 uid 2 (ntC-t'^) 
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trm that im bptrlMGti 3 wd U (BlC^g), The Mrkine parwitttrt Wm, vat 
^IwtM M iB^rMtnt^ tlM for prMtsilng Mrked aajtetli^i &wmT time for 
yrMMaliii ysM^kad ases. Additional time for lingulstie •neodinii of ralationi 
azppMtad te3f mwked adjtetii^i ever time for nlatians txprtised by uraarked 
adjaeti^es it aqual to MAHn.--imARl . Additiooal time for ipatial ieriatlon of 
ralatiofH^j^rasaad fey marked adjeetives is equal t© MARK2-NMAR3, to ^eri* 
meat 2, queitian readlnc time (QR) ms estimated as the eonfounded since 
it iaeluded nail amaimts of encoding and seriation time far wmarked adjec- 
tiires (HNARl and NM^3). Respanit erapanent t^e (RK) ns eanfaunded In 
^periment 1 vith question reading: time (c^) and vlth same time far eneodlnr 
and seriating of unmarked adjeatlves (NMARl and IfMAR?); In Ibcperlments 3 and U,^ 
it ws also eonfaunded vith some prtnlse reading time (PR)* The eonfoundei 
par^eter for uneued and eu^d eonlitiDni eomblned is deilpiated RIS*, In the 
unaued eanditians alanei It was not possible to separate eneodin^ from response 
operations I leading to additional eonf^ndlngi for uneued di^a Maly^ed seoarately. 
The oonfowded parMieter estimated from ^cued data only Is designated RES^t^^-^ and 
is the sum of {ENC^)^( MIS*). 

In all, six paraaeters were estimated* for th# mixed model In Experiment 1, 
maimg the oombined uneued and euid data* Seven par^neters were estimated far 
the mixed model in Esq^erlments 2, 3, and again usinff the eomhined eued and 
iiaeyad data« (In Ixperiments 3 Md tvo-term series prohlems seryed the same 
ftmetloii as preeueing in &cperiments 1 and 2— that of separating additional 
paraMtarSt) Six parueters vere estimated for the lingulstie and spatial models 
la fiqparimants Ig 3f ud b, and seven vere estimated in &cperiment 2. Further 
preeuaiiig (for eMmplet separation of the first premise ox a linear syllogism 
ft*M tlia remaiadar of the prohlam) eould have been used to separata fisher some 
of the itlll eonfoyaded parueters « but the additional infomatlon to be gained 



Trwiiitivt Inftrtne© 

dli oet mmm to Justify the Inereue in tht nwter of pvajwtert that voiad 
to MtiMt«d. 



Wm^9mm%mT litjaatton 

PVMtter •ttlMtlofi ns done by linear s^tiple rtp'eiii^n, usin^ lolu- 
tien lateney for taeh item type as the dependent variable , and stnietuFal as* 
paett of the Items as inde^ndtnt variables. Solution time vai prediettd as 
^the s\ss of the number of tls^s each ^pothetieal operation had to be executed « 
ifhieh vas given as %n independent variable, tims the duration of eaeh hypo- 
tbetieal operation* which vas eitiaattd as a parajneter* Struet^al aspect s 
and values of the independent variablei derived from them are shaim for three- 
tern series problems in Table and ^or tvo-tem series problems in Table 1, 
At the le^t side ot each tsb)e, a shorthand nMatieii is uaad %• Aeseribe eaeh 
item typt • tRie symbol " ^ is used to denote an Xwiiarked adjeetive relatiAg 
two tems; the symbol "<'* is used to denote a raarked adjective* A slash drawn 
through either of these two syfubols, " " or " ^ denstea the expression 



"not as ^ as," 




Insert Tables ? an^ ^ about h^re 

The body of each table shows the values of the independent variables 
as ^atipliers to estiaiate the pwrameters deslpiated at the top of each eQl«n* 
Valiias are not shovn for the conditions with precuein^ in ^periments 1 and 
alttiou^ tbast values can be easily inferred (as diseussed telov)* Three 
pu»aMtars, aiieodlng time (PIC4^)| incremental marklni^ time (MARK), and negation 
time (lflO)« vere •stlmated In the same way for each model (that lit the independent 
▼M*laUae wra Idtntleal). although these parameters have different InfoTOatlon- 
^easiisf Uqplleations in each if^del (see Fifures 1-3) and may contain different 
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(PM) Md NS^M Mveti tlM CRI) Mrt ftlso •ttlMtad for tht alxad wdtl« 
M mil M DMeoovrMM* tlm (NCOIf) In bparlatiitt 3 m4 lM0mp"ume« 
tliM (iCOF^ %nd Ilf^lttie pl^ot ifarch time (PPL^ wr# mls^ otlMtea far 



the U 4u^«tlc Mdtlt Spmtlal pivot ■•u-oh tlM (PSS) *.^d ;^*-F*^i*ntal ••rift* 



•pfttial Bodel. SraN li the tlrie it takes to striate in the nonpreferred dlree^ 
tion ai mn inerement over t4me taken to ■eriate In the preferred dlreetion. 

Peruaal of Table 2 will reyeal that the value of OC^ reMint eonitant 
.^ver all 32 t^es of three-term s#ri«s prablemi. It was for thlm reason that 
either precuelng (Qtperiffients 1 ani P\ or two-terfn seriei probleas (Experiments 
3 and ^) were also needed in order to estimate this paraaeter. These additlonAl 
problem t/pes rilso provide a ^ther bases for estisianlng paramcttrs beside KltC^, 
as ean be seen in Table 3 for the ease of the tvo^tera series problems, 

_ - 

^ The use of precuein^ affected the values of the independent variables in 
systematle vayi, insider the effeets o** preeuein^', upon the values of indeT)en- 
dent variables for Experiment 1. Reeall tha% subjeets were presented with the 
premises in the first part of the trial i so that they needed to proeess only 
the question Bud response altem&tlves in the second part of the trial* In the 
eued eondition, the indej^ndent variable for encodlnir, (as shown in the DfC* eolumn) 
^ops to 0 for all 32 item types, since all elsMnts enterini BIC^--strlation, 
Ionise reading* and processing of \Miarked premise adjectlves—are asswed to 
have taken place during the Wrst part of the trial* The nuaber of urked adjec- 
tives is always 0 or 1^ dependlni u^n whether or not the questira adjective is 
■arked« The n^ber of neiations is always D» slnet negations ©eeur only in the 
pmises. Pivot sevch beocnes Irrelevant (wid hence of value 0) in each wdel, 
bteaust it is confined to prMtiiing of the prMises» Inoreaental seriation in 




tio ti?se for the nwpreferred direction (SK??) were ^so e? ,imated for the 
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tim hM ilipttrifl , m4 tte futitim iMt Mt appstf until ite Mtond ptft of 

b ttU« tter* mrm V weiaad ItM typtt In tMb •^•rlBMt. b &9«riiiMt 
1» ttor# WM M ftddltien^ V eia#4 ItM typ#t» to ttot a tMal of 6^ data 
l^isti ted to te prm&iQtmA, Im fifpariamt 2« th#r« vtrt u addltloMl 6i* 
tuad ItM typat» for a t^al of 9^ data poiatSt Xa bvtrlMfita 3 aad ^« th«r« 
MM a& Idditiosal 6 tvo^tan ••rlat ItM tirp#t, for a total of iio data pointi » 

Waaulf 

Bit rttuitt of the tJtptriments will bt prtstnied la fivt aajor parts, 
rirtt, batio ttatittiea for the lintar iylloiint data viU bt prtatnttd. Staona, 



qiMa^itatiM aaptets of tht fitt of tbt BathMatisal BNtla to tht lattner data 
^11 bt dtterlbtd. TlUrd« quaatltatlM aapteta of tht flti of tht aodtli to 
tht data viU bt dtteribtd. Fourth, tht lattMltt of liidl^ldyal toapmtnt pro« 
€tatts In llntar iyUogiitlc rtaionlM vlll bt tllieuiitd. Wfth, Indlriaual 
diffkrMMi ia tnatitiM iaftrttiet viu bt txMintd, aad vill bt ahovn to htlp 
dlatiagttiab •fstial tmm llagiaitle preeatMi. 
Ifaia ■featiitiei 

it^—ftor %hm 4kt« Mti tbftt vtrt uMd ia MthMatieiA ■ateling* fter* vmi no 



rt^fitiBt MfffefMet MfMi M^lMati la evtrall mm solutiw latmeiai tar 
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A aM^tM# i*€liM Ib Mlutim %imm Mi^sa MBvlmBi altt^u^ tUi ^ttviii ili 

Mt WW In B9«pte»st a. 

fbt trror rmt« in Mch tzpvrlmnt vmt If, 

A fivv^iiiar MalTBis ef ▼vlMM «u §Dniyet«d m obMr^vi wlutlM latmeiet 
t&r imtuti ItMi Mi m pr#iletci sali^ian latmel^i tor wetMd ItMs for oaah of 



th« tte-M MthMBtleal Bodtli. Tht fi¥« faetari In th« Malyilt vert tht t 
OMS that goMratad tht « 3t \ai€u«d itM t^s usti in oaeh ti^riMiit: (a) 
■arkaiMss Ttrius waarkedntts of tht first prtmiit adJtttiTt» (b) ^^^kttatss 
▼trsui miBtfktdnttt of the iteonl pr^nlst adjtetivtt (e) aarktdntss Ttrsus 
UMvkttettt of tht qytitlon adJ^tetlTti (d) affiraatlift vtrsut ntgativt tqua- 
tivt prMiMti (t) prtitnet of tht eorrtet antvtr in tht firtt Ttraut tht •teand 
prMltt. Each etll of tht dttifn tontalntd four obttr^tioni» MMly* tht 
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MMt ovtr tubjttti of tht lolutloQ lattneiti for a giifM itM tj^ for a ilvtn 
4i^riMnt. Data for individual •uhjteta irtU bt Uaouaatd at Itngth lattr In 
tht artitlt. In inttrprtting tht rtaultt of tht M^yait of vu'iMOt*^ * ,05 
«u UMi mm tht ■inlaw Itvtl for •tatittioal tiMifioMtt^ 

tffttl^a gf ayhinii . Tht obitnPti iata ahmti itatittioiaiir aiimifieMt 
•fftotta f^r aarklng of tht ftrtt prmiat aijtttivtt fil.96) " £^<.001, 
MHlias of tht M§oad prtiatt aijtotivt, r(l|f6) ■ HM. £<.001» Md aarking 
of tht fiatttiw aijtttivt» £Cl » 96 )■ 20.13, £4,001. All throt aoitla prtiitttd 
thoM •tatlttitUly aiMlfieMt aarking tffMti. Hhtrtas tht thMt aoitlt pro- 
tttM4 tfea mtf96% 9f avklAff to to tto mm tw ^ thrM •AjMtivt poiltleiii, Iwwtvi^ 



frtntltivt Xaftrttie* 
$0 • 

i 

•ftlMt mt mu^iwm «m ^39 mm tor mmk m^l for mmsh mASm^iwm* the dbMFv«4 
•MMta mwi $H mme t&r tte first prMiit k(a mmm ftor tt* McMd 

fTCBiM ttijMtlv«« ni 3$8 MM ft»r qutstlm AdjMti^^ At Mtelit ttor»« 
MM ^ MtlifMtonf in MMuatiiig for tho Misimeo of m Mf^inii offMt 
tal wtn aU MMtiifMtonr In falUM te AMoist for dlfttoroMoi la %te Mfl^« 
tttio of tlio offtet M A fitfietiofi of vhleh odjtetiipt VM Mi^td. 

offtet ef MCTtien . Tht obiorvod offMt of Mmtiont 10%€ mm for 
%te tv pro^Ms ooablood, vu tmiitleoliy ■Iffiifieut^ F(l,96) ■ iSSatt 
£4.001. Tbm ^odietoi tfftc% for oaeh of tht thrM BOdolt v&s ^oo itatii^ 
tieally siipnifieut, ^nd vas tqunl in ^ifiltudo to th« obitrvod offMt, 106€ u 

Main offMt of anawr in firit pr#i^a# > ItOM vith tht eoi^et Mtvtr in 
tht firit prMiit wtrt iignifiewitlv hardtr than ItoM iilth tht eorrtet antvtr 
tht iMond pmitt^ F(l*96) ■ 55*93* £<*001, The mlxti mi^l eerractly prtdic 
that itMs vith tht eerreet answer in the flrit prfnlse veuld trtt 598 Mte loa 
than ittM vith tht sorrtet usver in tht iteofid prtmlit^ Thii statist ieally 
si0ifio»t addtd latoney rtf loots tht OMd of tht ouhjMt to staroh for tht ro 
speoso in ittM vhtrt tht rtsponit is not iMtdlattly ayallmblo, fht liagylsti 
aad spatial ■odslSi hovtvtr, laekiM a rtsf^nst stareh optrationi ortdiet no 
ilfftrmot in lattnoy m a fynetion of i^ioh prMlst oontains tht oorrMt ansvt 

Ia^raotioas > A dttailod aooouatta^ of inttraotion' tffaets would emsuM 
wmm mwuBm thm it varrants. Th9 obstrrad data show^ ftf^fm statistieallr allS*^ 
ainaaat latoraotioBS» of vhioh tvo vsrt tvo-vay« thrM vtrt tbrM»«i^« wd 
tvo wra fiour^my. fte aixtd Mdfl oorrattly prodiotod tte*M of tMM« tht 
lla^stit m4«1» tvoi and tht spatial Mdsl, ont. Noroo¥w« oaeh aMtl^^- 
AitMA %m spurldM lattraetioaa (alttoi^ not tht SMt in tMh oaao). It 
in rsasMatla %m ooMliate» thor«fsr«i that aeet ef %tm ai^^lo l&Mtf Mdsls dM 
fliU J«Mlt# to tfea oasvloslty of iaf^Mtion ^»ootasiti« ihovn ^ MbjMts in 
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tte Mltitlm af lintv •yllogiau. At btati the iliBple llneu' addeli are ap- 
pifwlsfttloM to the aafl^ltx ud possibly noiillnear processing ■trategles tub- 
J«ets uae« It remains to he shoim^ hovever, that eTen a ■Mevhat worm Q&mpl%% 
■Ddftl eeuld iuhatantiaaiy l^ro^ qualltatlye fit to the data, espeeially in 
▼lev of the eoepleicity af the ohserved Interactloni. In eorreetly aeeoimting 
for all of the main effects and some of the Interactions, the mixed madtl 
seems at least to be a good approxlfflatlon to the true model! 

Predicted ni obseryed T&lues for individual data pQlnts . The obserred 
data Mnd the predict Ions of the nixed model for each of the four ea^erlments 
are iho>m In Table A of the appendix. An exajnination of Lnis table reveals 
that the predicted times show very good agreement vlth the observed ones. On 
the other hand, there are lome points that are either underpredicted or over* 
predicted in all four txperiments* showing, as did the above analyses, that 

there Is room for uRprovement in the mixed model. 

_ * 
Quantitative Fits of the Models to the Data 

With data for the j.J uncued item types averaged across subjects and experi* 

■ents, the mixed model acoounted far 90, 2j of the varlanee in the data vlth a 

root Haean-s quart deviation (RMSD) of 28 esee; the lin^lstic model accounted for 

67.5$ of the varlMce in the data with an of 52 cseci the spatial model ac- 

eounted for 63.9$ of the variance in the data ^th an ^SD of 53 csec. Table 5 

praamts aqtaared correlations between predicted Bnd observed data points for a 

uwibmT of experimental data sets based upon ^oup means for each eicperiment. All 

latencies 9 InelucUng those for error trials, vere used in modelings 

Insert Table 5 about here 

O^raH meued aQlirtlM tlM . The data of priULi^ interest are those from 
the first data aet» rapresenting latenales for all 32 uaaued Item trF«8 averaged 
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&fmr AdJaatlTtti ud ttiiians* Thai« data i^ll b« eomidared la sraater detail 

^ aaeh •xptriaent^ th# alictd a^tl is cltM-ly auptrlar to either the 

2 

liogulatie or spatial i^del^ The differencei in F between the mliced aDdel 
•nd the aeeoad beat BDdel« the llngulatlc one, are ,213, *1^B, *155» and ,2k0 
la l^Kp^TimBntB 1, 2, 3, and k regpeetlvely. Thus, reiardleaB of vhether the 
queetlon eaiBe before or after the premises, of whether or not preeuelng was part 
of the ajEperliaental deiign, and of imether different adjeetives were preiented , 
vithln or between aubjeeti, the mixed model best aeceunted for the data, ) 

In acperiments 1 and 2^ the iwne nuaber of parmeters was eitimated for 
each model, so that there is no question regarding comparability of model 
fits for the mixed ^ linguistie, and iMtisl models. In afperiraents 3 and ^, 
the mixed model had one additional parameter, the optional noneonpnienee^^ 
parameter* Aeeording to the mixed model, this additional parameter is neees- 
aary, an4^ any nsodel with fewer parMeters than the mixed model is inadequate 
by '^rtue of being incomplete. If the additional parameter Is deleted l^om 
the mixed iiodel, howeTer, the mixed sodel is still superior to the alteraa- 
tlve nodels. With nQncongruence deleted, values of H were ,765 In ^^rlment 
3 and ,832 In Experiment U, The differences In R" between the mixed model and 
the llngulatle wd apatlal models respeotiTely are ,076 and .188 la arperiment 
3, and *121 and ,l89 In i^erlment ThwB^ even without the optional noncon- 
gruA&ee parameter of teperiments 3 and U, the mixed model retains its auperi-- 
©rlty over the ether models, 

fte levels of fit for the three models Mist be assessed In the aantext of 
tkm Mllabllltles of the data# Hellabllltles of solution times for the uncued 
itmrn ymrm eaq^ed in two n^s» within experiment Md between experiment. 
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i^thln«#3^«i*lB«iit (lotero^ eeatiitMay) rtllftbllltltt mre e«put#d by 
Mmlfttiat MU ImtMeita on tMh of tbe 32 itra t^i^s for odd ¥«rsut mrmn 
i^wbvMd iubjteti, (Riaibert wtfi Milgatd to ■ubjtcti la u wbitrMT fMhlon.) 
Tbmmm eorMlatioae vtre thta adJuBted by the Speumi^-Broim fonsula* nils for* 
aulft take! into Meowt the fact that amly half of tht observations were uied 
la •aeh of th# two leti of obiervatlons that were oowelated with each other. 
The vlthin-experlBent reliabllitiei indicate the proportion of true or sys* 
tmatlc Tarlanee is each set of datas and thus set m approxtoate upper limit 
OB the lerel of fit (R ) that mn^f one model cm be ejcpected to show* Within- 
e^eriment reliabilities were ,86» ,82, ,92* and ,99 in Experimenti 1, 2* 3, 
mnd k respectively. Considered in conjiinction with the fits of the mixed 
■odeli the reliabilities show that in Qcperiment 1, of .19 wiexplained variance, 
.05 vms iystematie and *1^ ^nn unsystematic; in Bcperimant 2, of .26 une^tplalned 
variance* *08 was systematie and .18 was imsystematic ; in Bcperiment 3, of *lG 
%mexplalned variance * .08 was systematic and .08 was unsystematic; In Sscperiment 
of ,12 miexplained variance * .11 i^s systematic and .01 tmiystematie. 

The between-experiment reliabilities were computed by correlating mean latencies 
on each of the 32 item types across each pair of experiments. These reliabilities 
Indicate the proportion of shared variance across ejcperlments, and thus set an 
approxljnate upper limit on the generaliEablllty of any one nodel to the fowr sets 
of 4ata« Between-experl^ent reliabilities were .6b between &Eperlments 1 and 2, 
•76 tetWMn Experiments 1 and 3* •80 between ExperlMnts 1 and b, .63 between 
IqperlaentB 2 aad 3» «67 between Qcperlments 2 mnd ud «92 betwen Experiments 
3 and Aeae data luigest that no single model could be mxpmQtmA in all three 
•xperlamts to account for proportions of variance exceeding the low to mid .80' s. 
fbttf t tte Mixed BOdel could not have done much better across fSjsriments thsji it 

did* 

EKLC 



loB« of th« ■sdtk aeeowittd for all of th« lyitmatie wImo* Ib tht 
teU. It li of lBttr«it to dtttrmlae im#thtp the \inaeeoiiat»d for lyitMatle 
Tmrluec !• ■tatlstleAlly ■Ignlfleant pelfttl^t to the tot»l «ft»eeouated for 
▼ftrlanee. Thit dttemliiatlon w»« aadt by teitlng the ■t»tlitle»l ■l^ifle»nce 
©f eorrelfttlOBi hetwen pAiri of reilduiai of predicted trm ebierred muei. 
Slpilfieftot eorrelatloni Indieate ^accounted for T»rl»nee that la itatiati- 
eiaiy reliable. Slpiifieance was tested both within and between experiments. 
Ibeae eerrelatioi^B i^e preaented In Table 6. 

laaert Table 6 about here 

Wlthln-ejEparlment eoraparlsons were cojaputed by apllttlng aubjeets Into 
odd- and even-nvmbered ^oups (with nimbera arbitrarily asalfned), Bodellng 
aolution times aeparately for each group, calculatinfi residuals of pre- 
dicted trm ebaerved values for each group , md then correlatlnR the realduals. 
Reaultlng correlations were adjusted by the Spewron-Brown ferBUla, since only 
h.i f the observations were used in the calculation of each set of realduals. 
One-tailed aieiiflcance teats were .hen applied to the correlations, as shown 
in Table 6. The mixed model could not be rejected in aEperlfflent 1, although 
It eould be rejected at the .05 level in Escperlments 2 and 3, and at the .001 
le^l in B^riment I». ^e linrilBtic model could be rejected at the .05 level 
la fc^rlMnt 1. the .01 level in a^rlment Zi ttd the .001 level ia BwerlBeBts 3 
maA k. The apatl^ model ,couid be rejected at the .05 level ia Biperiment 1, 
ud at the .001 level in atperiments 2, 3. and U, The mixed model thus provides 
the b«at matheaatical accouat of the^ data, althou^ la three of the four ea^erl- 
HBtal cempwiaona, there ia Btatiaileally alpiiflcftnt une^lalned VM-Ianee. 
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MFPid Tmluts Ib tMh •sptrlMiit, ud tiMn eorrtlatlng th« r«ilduals Mroii 

«IP*rl«tiit«, Th# ^Md model eeuld b# p«J#et«d at tht .05 Itvtl In eoop^i- 

•raa b«tvMii teta bperlMntt 1 ud 3, ud at tht ,001 ItTtl lo eo^wiions 

b©twften«^ljcperla«nts 1 ud k and between Es^ptrimtnts 3 Md it eoulrt not be 

rejected in any other eatperimental eofmparlsons. The liaguistle and ipatial 

■Ddali eould b€ rt Jacted at the ,001 leTal In eveiy axpariDwntal eomttjrl- 

•on. The reaulta indieate the superior genermli lability aurois experiments 

of the mixed sodel over the linguistic mnd spatial models . 

Salution t imes for individu al adjectives . Returning to Table % , %m see 

model fits presented individually for eaeh adjective pair. Since these fitJ 

are based upw^n onl/ ^one^thlrd as much data as the above fitSj the values of 
2 

R are substantially lever. The results wra clea^^cut, however r The mixed model 



gives a superior account »^ the data for tveiy arlJarMve in eveiy ejcperlment, 
Thm llapiiBtlc and ^patl^l models alteraate betveen second and third place vith 



re8pec>t to fit« 

Although the mixed mode;, la i^wys superior to the other jiodels, it secmi to 



liny other adjective pair. Rone of the other models consistently show this 
pMfer^nce for fast^slow ^ noj* for any other ^Jectlve palri nor does tht 
mLxmd aod^l show any other clearcut trends for other adjective pairs. It is 
not QXmt^ irtiy the mlxeu model performs lietter for the fa«t*ilaw pair thwin for 
otter pairs « - 

JolutioB tiaes for individual a^ssioM Si, rhe table also presnts maf.el 
fits for Imdividwl aesslotts^ Once a^lnt the resists mrm clavciAi ^e mljced 
Mdal pro*H.das a ai^rlor account of tbe data for every seasion In •v«ry experimeni 




accoTOt b«5tter for perfoimej^je with the adjective Tiair fast-slow than It dees with 
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fteit dfttft art of pftrtleulAr lnttr«it btaai^t thty InaonilnMt vlth hoth 
•tr«t«fi^-€bugt b3fpoth«s«ti Ilit slxed wdel Is test rtg&rdltis af ■•Bsiont^ 
NDrMTvrp irlitn rae eoAilders oiay the patterns of fit for the linguist le ud 
Bpetlal wdelSi there is no appvent Interaetlon tetveen level of pnetl§t and 
ehoiet of processing strate^^. ^us, a direct test of the stratew-ohan^e 
hypotheses failed to provide oonflming tvldenee for either one of thes. 

Overall uneued and eued solution times , The nodel fits described in 
the preceding sections have been based upon uneued solution times only« *When 
solution times from the precued conditions (or in ^^erlments 3 and two'term 
Series problems) sre combined iHth solution times frOT the uncued condition 
in each eicperlmtnt, model flti increase tottmatieally , as shoim in Table 5. T^e 
Increase appeari to be due to the large Increait In soiutlon-tlme variance Intro- 
duced by the separation of the eneoding eomponents (ENC*) from other components. 

This separation Is possible only because of the use of precueing or tvo^terai 

2 2 
series problems* Because the levels of R are so hi^h, the values of H for the 

various models are closer together than In previous eonparisons. Nevertheless « 

the ly^xed aiodel once again provides the best fit to the data from each experiment. 

Precuelng . It is posslble'^TS^l precuelng times as well as solution 

times, Precuelng times » it will be recalled » are those from the first part ^ 

of the trial In Experiments 1 and 2* In Ix^rlaent 1| the aodeled data 

vere baaed upon times to process Just the two premlies of each problem. In 

ft^erjjient 2t the sodeled data vere based upon times to process the question 

aad preamises (but not the answer alternatives }« Table 5 fhows that Is teth 

experlMntSi the mixed model gave an accotmt of the data that ms superior 

to that ilveii by either the lln^ilstlc or spatial model, ^e two-term series 

^^bltu of b^rlMsts 3 and k did not provide an adequate It^ set for dls* 

6^ 
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iiaeaihlag UDOg wdtis, with ntgAtioa time (IfEG), urking tim (HARK), aon- 
Qm^muQm tiat (ilCON), uid ref^ntt time (R^^) m parvMttrt, it vms pottU 

te Mawat for »8U8 of the vmrluee in the tvo-t«rm lerlti preblM lateneiti 
of fi^rlMBt 3, And »8fl7 of the ipmrlwiet In the tvo-tera larits probltm lattnele 
of tep«rta#nt 

Solution tlnei for Ipdlvldual sub.ltetg . Table 7 prtienti data conearnin^ 
the peFformanees ef the models In predicting Individual Bolutlan-tlae data both 

for uneued Itaiaa only mnd for uneued and oued Itms ecnblned, Nodeli aj*e evalu- 

2 

at#d irtth respect to mean R far Indl^dual iubjeets and the nuiaber ef cases in 
which each aodel best fit the data of individual subjects* 

Iniert Table T about here 

As In previous analyses, the mixed model gave the ifcst accoi^t of the 
data In each experiment both for uncued IteM orU-v wna for uncued ajid cuei 
items eombined* The mixed model did not give the beat account of the data 
in every indlT^dual case, however. With the uncued data, it was best In 12% 
of the eases; with t^^ uncued and cued data cabined. It was also best in 73f 
of the casas. 

In a nwber of individual cases, the ftt of the best model to the data w&s 
onay trlTlally better than the ftt of the next best model* It is therefore of 
loterett to luiow in y^t proportion of the eases one model tos eleajfly superior 
to uy other ■odel. Suppose we decide (wbltrarlly ) that a m^aatieally slfnifi* 
o»t difference is individual model fit la represented by a dlffe^nce in R of 
«0f or ptater* In wbat proport'lon of the cases did one model perfom slpilfl- 
oantly better than any of the otherat The data In Table 8 i^dresa this question. 

Insert Table 8 about here ^ 
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fht tmi^r »t th« top of etll ihowg tht pjpoportion of esMi 1b which one 

■stel pntorutd ii^lfleantly b#tttr than Mother, f^iui, uilnff th« .05 eutoff, 

«• ftB* that th« llngulitie ■odel «»■ lipilfieMtly h«tt«r thM th« ^«ta ■odel 

for 81 of th« eftiti, the ipfcti^ mdsl for 61 of the wu. On the other h»n 

the mi%m& ■odel wM ■igniflcKitly better then the lingulftle soatl for 65% of 

the eMei, ud ii^lfleently better than the •patiftl «odel for 72* of the eases. 

The nuMber In parenthe»eB at the bottom of each cell ihowi the eomp^able pro- 

g 

portion for a practieiaiy significant difference in F of .10. Whlehever 
eutoff it used, the proportion of eases for which the mixed aodel is inappropri- 
ate is luite iBftll , whereas the proportion of cases for which the irnKuistie 
or ■patial model i« inappropriate is quite large. The mixed model Is thus not 
only preferred for the grovp rtRta, but for the large majority of individual 
cases as well. Note, though, th^t individual differences do exist: At least 
•ODe of the 106 eubjects In the four experiments used a stratear that was better 
approximated by the linguistic or spatial models than by the mlMd model. 
Latene iejs of Component Procesies 

PM-Meter eitlmates for mixed model . P«-aaeters were eatimated as the un- 
BtMd^diEed regression eoerficlents weighting each of the Independent variables 
■hovn in Tables 2 and 3. toch parmeter is hypothesUed to eorreapond to the 
duration of one or more eo^nent processes, as ihoTO in Table 1. Hanes of 
puraeters are the luie as In Table 1. 

ffeble 9 ihows ▼^ues of the parwieters md their itandard errors as es- 
tiaated fm Tarious lets ef data from each experiment, including imcued 
iolution tlawi, cMblned uncued and e\»d ■olutlon tiB»s, and cue times. 
Bitiaates f*on the firit two ieti of data are obrlouily aonlndependent . 



Insert Table 9 about here 
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MrlAtlMt lMr«MQt^ itrlatlon ef Mrktd Adjcetmi in tbt iirapF«ftrrtd 
AlrMtioo, pFMlM rmmdif^^ asd •nc^dla^ of uuuLrktd adJ«etlYtf . Thm flrit 
tuo prMMMS v« bypothtiiitd to toe ipatlal, and to aeeaimt for most of the 
•ttiuttd timm, Thm ■•eand tvo procttsti &r« l^pethtslsed to b# liogulstie. 
BIC^j^ dlff«r#d ■ipiificftntly from 0 Id both •jepcrlfwnti la vhleh It vu mm^ 
tlMted (l ud 2)^ mnd was tatlmAttd at about ^€50 asec, SfC^^* eoiBprlainF 
f«imr operations « vat aitlaattd at about 3050 nsee. It ••ems unllkaly that 
tht nail dlffaranee la the eomposltlon of ENC*^ and MC^^ (a^ Table 1) 
eauld account for the large dlfferenee In eitlmted values, Rather » it seems 
■lost likely that encoding operations were performed m&rm rapidly In Experijnent 
3 and where QiC^^ ^as estimated, than in atperlments 1 and 2, where tHC^^ 
was estimated. This difference ii ejcaetly as predieted by the sixed model, 
aeeordiag to which encoding should more rapid wid less eaj-eful In ejcperi- 
Mntal paradigms leading to the use of the optional noncon^uenee operation. 
In ficperlments 1 ajid 2, the use of preeueing prestmLbly en€otu*aged subjects to 
eacode the premises fully before Indieatlng readiness to see the question and 
solve the problem. In Qcperlments 3 and there was no preeueing in which 
subjects eoiy.d take as long as they needed to get a abarp apatlal eneodlagi 
Beaee, subjects are likely to haTe encoded the Items more quickly and less 
abarplyt th® expense of needing the ertra check for coagnienee at the end. 

It was possible to estimate unconfounded dwatlona of aegatlmt marking * 
pl^^ Marcht and reapoase search times In all four ei^rlmeBta^ Estimates 
of aegmtloa center at about 3S0 maec« of marking time at ateut MOO msec, 

of pivot aeareh time at about 1100 msec, and of response seareb time at about 



500 QMstloa readiag time (plus confowded operations) could be eatl-^ 



mmted amlj ta tte aMoad ei^rlmeat, ud 
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ItotpMtt tlM it ateut 800 aste. 

For the Mat part* the graup pa^Mtt^r tttlaatta art raaadnabla and in elaae 
igr^aaant asraaa data aatat Tht two azecptlona to thla agT^Mnt art that 
aasatlea tlat ia inaicplieably lav in &cparlm«nt 3, an J rtaponat atareh tlae 
la iMi^licably lav i^an aatimattd for eutd and uii§uad data in ficptriBent 1, 

Aa aMadnatlon af pa^Mter #atimates for Individual autojtetai aaauming 
uae af tht alxtd madtl^ revtala that tht individual data vtrt eansidtrably 
Itaa raliatolt than tht ^aup data. In ^rptrimtnta 1« 2, 3* and k rta]^etlytly« 
tha proportiana af atatiatieally signlfieant pftramtttr tatimatti (^^.OS) 
vtrt 1.00, 1,00, 1.00, 1*00 for ENC*, ^56, .50, .kk, .37 for NEG,^ *50, .7B* 
*6l, .Ul for MAHK, .81, .9^, ,78, M for PS, .31, ,S?» .33, ,39 for HH, 
*56 (Exptriment 2 anly) for OR*, ani .6? and .2^ (aEptrlments 3 ani h only) 
for If CON. ^ 

Paraatttr tatimattg for linguistic a^d spatial modtls . Grauo parameter 
tatinatts for the linguistic and spatial models vert also Qpifiputed, and art 
uatful aa a diapioitiQ for assessing vhere thtat madtla failed ta predict the 
data adequately. I^tse paramettr tatiaAtts art shorn in Tablt 10« The valuta 
art for uneued items only, and art presented stparattly for each of the four 
•jqitrimtnts. ^ 



^ Insert Table 10 about htrt 

Za tht linfuiatia aodel« valuta af the atgatlan and marking pvutttrs 
dif farad ai^ifleantly from lera In all four txi^rlmenta. ^t ^Llut af the 
nmeaep^tsat paraMttr vaa aipaifiaantl^r dlfftrtnt frara itra in B^rlmtn\§^ 
2« 3, a&d U« Ttm value af thr.llnguiatie piwot aeareh pamttar vas algnlfi- 
eutly Slttwwt npoB stre ao]^ in b^rlnent 3< If a aav^ ^proi^d lln*- 
gulatlt ■edal la %o ba fwaulatadft It vlll have ta rataBeaptuallse the rale of 
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l^gaiwtiQ piwQt HftFch ud poiiibly of Boaeon^*nee. Tht llaculttle pivot 
iMnh pvftMttr obvlauily falli to eu-i^ Iti wight. lUgulitle Mnean- 

pumea p«r«Mt«r it m strong e^trlbytor ta the ■Ddtl only iy ^•rlMnti 3 Md ^. 

In th« ipatiil moAml^ viLlutt of tht nMatlM mnd urkini pijrMtttri 
dlff#F«d tipiifieftiitly from wro in all four tJEp#riMnti« Tht tpatial pivot 
March pvMtttr vmt iltpil fleftntly difftrtnt froin Etro in teptriatnti 3 and 
h» ud tht pArtatttr for itriatlon In tht nonprtftrftd dlrtetlon vmi not 
• Ip^lfifMtlv difftrtnt fror tern In My txperlment. If & ntw, la|.roTtd ipatiaa 
■odtl li to be fornulattd, it vi n probably huve to tliainatt tht pu-Mtttr fo- 
••riation in tht nonprtftrred dirtctinn, 'Hit folt of apatial pivot itij-eh may 
ftlto have ta be rtaiitsstd. 

Partitioning of total solution t Imp , By multiplying^ the titimattd lattney 
of tach optration by tht average numbtr of times it is txteuted, one ean tstl*"ft*^ 
the avtraft amount of tlrat sptnt on taeh optrmtion diy^in^ solution of a typleal 
lintar •yllogisffi, Fig^t 5 shows a partitioning of total lolutia ii» for a 
typieal ntgativt tquativt item in each of the four txptriratnts, A .^pical 
affiniativt item vould differ only in the dtlttlon of tht lateneits for tht 
fiegation (ifEG) and pivot seareh (PSM) oper%* if^n?. The partitioning aasuaes 
the yat of the aljEed model « 

Intert Figure 5 about here 

; 

In all four exper^enta, eseaUn^^ operations t^e by far %}m Ivgeat amount 
mt tiM» ifhereas reaponat starch and noncongruenQt (wheVt applieablt) takt tht 
■Mile at aaounta of t^e» foeoding optrations are about 1 1/2 aee faattr in the 
tvo ej^rlmenta In vhieh prtoueing na not used thM In the tvo esperlmtnts in 
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prMMiai «m Thlt aiff«r«fie«, M^ini it tmtlatMt irtth th9 

pNAlttlM ef th« mixM B^tl that ipAtlAl Wneodinii shduld hMtiar in %hm 
WpwiMSts ^tytifiii laadl&i to m last adaquatt ti^ti^ r«pr«Mnta- 

tlM of th« r«latioiit iBOM t«nit uid th« iutoi«qu«nt ii»«d for a ehtek of ih« 
{irloF linir^iftle oaeodlii^^ 

la^lTlduikl Plfftrtaeoi ^ IVMaitlva IiifT#fie» 

Wtigfeti of coweORtnt proeaitgi in ae§ountin| for Indiyidual diffoftncti * 
Th« pmruMtor •itlMtei preiented in the pr#e»dlfir: §«etian pravidtd u Inil* 
cation of hw iBportant taeh operation ii in aeeountin^ far b#tvtan-it«mfi 
▼arianet. It is of further interest to knov haw iBportant ^ach optratian ia 
in aecountlne for ^twten-tub l#et» r&rliynre. Tn other worrls, on* seekn t'^ 
dtttrmlne the relative contrlbutinn of each operation in #?:enerating individ-ial 
differences in ovtrall salutinn timps. Table 11 addresies this question* 
It shovs for aaeh ixj^rlment the staniardiied rai^ssion coefficients obtained 
^hn subjects* a#an salytian tlioes for the %2 uneued Itta types are predicted 
aeroas aubjeets "by aultiple regression from their individual p^aseter eatimatei. 
dote that all previous aodelinF vms across itm types, aubjeets.) Slnee the 
paraMter ^»re estljcLated from the data on which the mea^s are base* plus preeued 
data 4a values of R vare to 1 asd of no interest . 



Insert Table 11 about here 

ataGdardised veights shov that the encoding ^^k^^iona (SIC^) can- 
tribute far tbe aost to predicting individual differences a overall aolution 
latenelea« in order to understand vhy individuals differ In the latencies 

vltb ifUch th&f eolve linear syllogliBiai one's first order of bualnesa la to un- 
AerMaad wre ^mit thm nature of the noodlng operations. 
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%#rt AM ahmn in ttblt li. In ardvr to inrrtfti# th# pov«r of tM •tstiitie&l 

%#tti| AuM vart aMblntd acroii mil four txptrlMntB. Thtrt vtrt m total of 
106 aubjAett In th© four e?cp#f lm**n* r cnmbin#*i. 

It vms ^ntiontd tarlier ihh* ^^ny *^^rmFi^%^r pntinh*j^n were nnt stmt 1 at 1* 
eall^ F«liabl« for indiyiduiiJ sublprts, Bacaun^ of the unr eliabillty ef some 
paj'aMttf tstlaatts. eorrfflntiunn were coniputel in tv different ways » Oni* 
•tt of oorrtlatlons (pFes^n*^1 In rnri'in tvTi*) is biifiefl unnn th^ paraineter 
•itlMtti of all Indivlfluii: s fnr ^h^^ * pa^fMetef co^ild be aitlmRte l, (Re- 
call that not aii paraneterB coul i b** enti*nrk*-r1 exppr inent r , as sh^^n 
in Table 1,) A leeon J ^^t. ^^f* r .f^* : i^ri^ fpr^^p*nt«d In itftlir type) is bi%r,*1 
upon only thoae parfineter es*i?Tiater^ that were stntirMeally significant the 
*Q25 Itvtl* Thii relatively strin^^ent level o*' slml fierce v?is usei becau^?^ 
of the lar^ nvmber of parar.<>tef e^tim^*f?s involvi»i, nvyif^usly^ neither ^et 
of corrtlationi ii^deal. The first set Is attenuntei by th** inrlusinn 
ynraliable eatlmates. The seeonl set may b# biaaed by the incluiion of only 
aubaaaplaa of the data. The direction of the potential bias Is unclesj": On 
tba ooe hAnd^ the parameter estimates retained are for subjteis who vere most 
elMTly uaiai the aljced model i on the other hand, the ran^e of the paraiiatef 
•atlmtta is restricted beeause statistleally ti^lf leant parameter tstlmat^a 
trad to be bi^er ones. However* it will be showTi in this and subsequent analy- 
MS ttet altteugh the ma^itudes of the correlations differed uder the tvo 
proeedw^ea^ the eonelusiont to be drawn irere practieally the same. 

In eMputing eorrelatlona with HIC* and R^^, a difln^ variable «s h#ld 
emstaat that diatiagiatted partieipation In toperiments 1 Md 2 from partielpa- 
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%im In ixp«FlBtnti 3 and i*, FiritMsrdtr purtial c€^mlAtiont wmrm ustd bti* 
tMtt ttee« pi^ftMt«fi Mft ••tlBAttei fr^tn difftr#nt nixf>i of eaM^iitnti in 
%to tiro Mts of tirpcriMniSi ftnd b#cAUfi# ftrr<$r41n#^ to thp mlx#d iiodtl g 
ibauld hAVt A lovtr lattney in the Iftti^r two •xperimi*ntn » wh^re tpatlal 
raeodlM is MtiJBtd to b# careful « Hiffher-ordnf pArtlAlt eontroilinA 

for Btabtfihii in f^ch txperlmen? we-i? ftlir^ !r>J, but h^^l Alnor.v no further 
tfftct on the ma^.it\i t^.^ ^^rf*!*!'. ^, 

Th® nvanh#ffi af lubl^?^!^ for wh^n nfirHPi^t^r ^n* \**j\^.^n w#r# ^Irnlfleajnt 
tht .0?^ lev«l wrf for rr^, for Nt^ PT f^r KAPK, M f r fn, ^^t Hr\ 

"I for '"x^*prin^nv P '^nV'\ 1' ^^r ^ ^ ^^x t * r ^ * 'ir ! - ^..n^ * 

vms tslimatei us a re^^^?' i ^^r* rv.-*a%*t an 1 so nn nl^.^leanr^ tei* va^ availa- 
ble, 412 l^i val * 

excluies ^Lnltif*G in th?* Ua^on^i-S Rtn* 1 . ■ y significant un ler '^tH 

eor relational proce i.ir^?r» , ^ ^r* nonsi^n i ''I ^ml un.Wr tntS r r c^^! ires, ana sr; i# 
diserepanrif Ther^ in thu'^ mni arree'^.ent between fnceluref. nost inr^of- 

tanee li the larp.e nam^r statistically significan* csrrelatl ^n*: • Th*^e 
rtlationshir^ shf^w that nfuny pairn of the various laten^le^ are nonin^ependent , 
Sueh a pattern is what would be expeeted if s^jme nf the processes are eisentiallv 
llncuistie In nature and others are eisentlally apatial, '^e one exponent that 
is eerr*lat«d with every ether coaponent, OIC*, Is a parar^ter hy^thealted to 
eoBtaln a miJi of both llnguiitlc processes (preniie reading and eneodinr of 
rvlatlona txpresied by luufiarkeci ai jeetives) an i SDatial proceise^ (betvten*pFe-i se 
Mrlatlon and vlthln^premlse serlatlon of relations erpressed by \^i^k#d adj#etlv 
u ahovn in Tabla 1* Itorkin^ i» also eorrelated vlth most of the other paraseters 
ud It too Is hypotheslftd to eontaln a mi% of llnriilstir and tpatlal proeesses. 

« 

o 
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Carrtlatlons ^tveea waaeters and egmpogltt ability seeres , d©fflpositt 
aMlity seerts :vere eeoputed by standardizing seorts on taeh ability test 
(^thin ejcperiMnt ) , similQi thtst standvd seorts for each type of ttst, 
ud then rt standardizing the sm* Wlthln-axperlmtnt standardiiatlon vas 
Mq>Ur#d because different ability tests were used in different experiments. 
Mthough the particular tests varied, the measured abilities were the samei 
irerbalt spatial visualization , abitraet reasoning. Verbal Items Ineluded 
tasks such as synonyms -ant on^s, vfrbal j^alogles, verbal classifieations 
(requiring subjects to recognize which one of five words dldn-t belong with 
the other four), and sentence completions (requiring subjeeti to indicate 
which of five words best fit in a^ blank embedded In the contesrt of a sentencf)* 
Spatial vliualization items rec^^ired mental rotation or rearrijipenitnt of i^eo- 
metric fonns in two or three dimensions. Abstract re«onin^ Itefir^ IneJiided 
geometric ^aloglts, geometric classifications, Mi geometric- series , The par- 
ticular tests used aire named in the Materials section of the Method , 

The verbal composite was only weakly correlated with the ipatlal composite i 
r^ « ,20, £<,05, and with the abstract reasoning composite, £ ^ .21* #05. 
The spatial and abstract composites were highly correlated, hewever, £ ^ .65| 
£<,001^ suggestlnn that the two types of tests measufed rilmllar abilities* 
Ibis is a standard pattern of correlations in the piychometrlc literature (see 
Cattellt 1971 )t and in some tests, such as the Co^itive Abilities Test, spatial 
ud abstract reasoning ' ts are combined is the eottputatlon of a single^ nonverbal 
■eort • 

Correlations between parameter estimates and composite ability scores nre 

Insert Table I3 about here 
mhmhi ia Table 13. Thm correlation between overall solution latency in the uneued 
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edaAitlos of each tscperlntnt and eomposltt ability teore is alio vboim. Cor- 
ralatloaa wert eesputad In the samt vays dtserlb#d In th# prtetding station. 
Ite tm MthDds of eoaputation shoved a hif^ degret of eonsisteney. Of 
posalUt eorrtlations , 17 vere itatistieally signifieut under both methods, 
6 were donslgnif leant under both methods * Mid only 1 vas slgnlflaMt imder^^^ 

* 

one method ^but not the other, 

OveraLll solution latenoy was highly eorrelated with all three types 
of tests. This pattern of aerrelatisns is eonsistent with the mixed model, 
since solution. of linear syllogismi is hypothesized to reciulre both verbal 
and spatial-abstract prDctsses, l^e pattern is not eonsistent with models 
that postulate that the' solution proeeii is either strictly lln^istie or 
strietly spatial-abstract. 

The enoading parameter (ENC+^ was also signifieMtly correlated with all 
thr^e ability eomposites. This rtBult is consistent with the mixed models 

aecording to which the ENC+ parmeter includes both linguistic ani spatial- 
abstract processes. A strietly spatial or linguistic model would have trouble 
accounting for this pattern. Although ENC+ contains a mixture of operations, 
the predominant operation, accordinp, to the mixed models is spatial seriation 
between premlies. This is the cr^ax af the three-term series problem, imd the 
major som*ee of difficulty. Hence, the model predicts that the spatial -abstract 
aorrelatlon will predOTlnata, and this is In fact the ease. The ooi^elatibns 
of EfC* with both spatiad and abstract scores are greater In magnitude thsji -,5, 
whereas the correlation with the verbal score (presi^ably due primarily to premise 
reading) Is only -*25. Thmme data suggest that the premise ttrms are iBdeed encoded 
Into some kind of spatial array. 

Th% ntiatlon paraaeter (NIG) shows sl^if leant aorrelatlons %flth the spatial 
and abstract aOTposltes but not the verbal cOTiposite. This pattern of aorrela- 
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tlmi it IsaQEiiittest vith the ^tdietl@n of the mixed sedc , Meording to vhtQh 
mgmtion is a liacuistle opermtloii. The dht&ined patttn of eofTelatioiii siiggesti 
ttet u hTPotheslsed hy the ■p&tlal aDdel, negation li aeeaaplished ipatiilly 
*y rtTeriii of the positions of the tvo tems in a irtthin^preialse spatial 
Mrray* The alxed aodel may hare to ^ revised to reeonaept^^lie negation as 
a spatial-abstract process,' Lateney pFedietioni would remain the sane. 

^e marking parweter (HARK) shows some relationship to verbal, spatial, 
and abstract e«posites, as predicted by the mixed model but neither the spatial 
nor linguistic models* The relationship to spatial-abstract ability appears 
to be substaatially stronger thw that to verbal ability, suggesting that the 
f primary source of Individual differeneei is in spatial seriatlon of terms (MABK?) 
rather than in lingulstie encoding of the marked relation (MARn), 

Pivot search (PSM) shows significant correlations with the spatial and ^ 
abstract eompoilte but not with the verbal composite* This pattern of correla- 
tions is consistent with the mixed model, which post\;J.ated pivot search to be a 
spati^*abstract operation* Neither the linguistic nor the spatial model contains 
the pivot search operation as conceptualized by the mixed model, so no relevant 
predictions can be made for these models* 

Response search (m) is significantly correlated with all three types of 
tests « Meordlsg t.a the mixed model, however, response sesj^ch w$ supposed to be 
ajicluaively a spatial process* It now appears that in searahing for a response * 
aubjaets may differ In the rat^at which they read off names ftrom array as 
wll as in the rates at iShlch they can traverse distances in the »ray* The two 
types of individual differeneei would account for the dual lln^ilstlc and spatial 
eorra3.atl@ns (Clark, Note gl, 

Vmem^wnee (ifOOR) is aipiincantly correlated %^th the verbal but neither 
tba spatial nor the abstract coapoaitos* Thin correlational pattern Is consistent 
i^th the a^ad (©r llagulitlc) model , which stlpijlates that fioncongruence is an 
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optidBftl lingulstle eptration. 

Finalist res^nst (^+) is Bignifieantly corrtlated ^th tht vtrtti eam- 
poiite tout not vlth tht spatial vid abstraat ones. EsiamlnatlQn of Table 1 
r97eals that the response parameter as estimated for the mixed model eontalns 
up to three linguistic processes—iuestion reading (^*)t premise reading fPR), ^ 
and encoding of relationi expresse:- jy unmarkfd adjectives (NMARl). Th^ pa^Me- 
ter eontalni Just one spatitJ. proeess— seriation within prtniise of relations 
expressed by unmarked adjectival The pure response ooffiponent (RpS) 

itself is not identified In advance as either lin^lstle or spatiCl, The obp 
talned results, therefore, are consistent vlth tM lareer mmber of ILn^istie 
operations hypothesized by the mixed model to constitute the response eomponent- 

In general, the results of this individual-difference analysis are suppor- 
tive of the mixed laodel, aecording ta whiel^ ptrtici^ar operations shouli ^how 
patterns of individual differences along either verbal, spatial, or both liner* 
Two results suggest the need for possible chane?s In: the iniiftd »odel. The first 
ii the iienifieant correlation of the nejra^ion parMeter {^B&) with the ipatl*! 
and abstract composites but not the linguiitle composite. The second result is 
the small but significant correlation of response search (WS) with verbal as 
well as spa^tlal and abstract abilities. In the case of negation, the nature of 
the suggested refermulatlon is evident, since a spatial account of negation has ' 
been iiiggested whereby terms are flipped In a ipatial ai^ay* In the case of 
reipoase search, subaects may differ in the rat^at which they read off nanes In an array, 

Carrelatlon§ of composite s olution latencies for individual ad.lectlves Md 
aesslons with ability test aomTOsitee . Table Ik ihows correlations between 
ability test composites and uncued solution latencies for combined data, Indl- / 
vldual adjectives, ud Individual sessions, ^e oorrelatlons were eoivuted 
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Mpvftteir tw •tab •9«riB«atp min^.m tte ahoiae af adjTCtlTti ud ayiatri of 
Mttlws £lfnr«d fV« rat mxpmriMm% to uothtr* Although oofMlatlras of 
Ailitjr ioont with f^Aiiettra for tMh AdjMtlTt tMh Miilae voiUd Alio 

of interettt the Inilvlduia lutjtQts* data ir#rt not ryliftbl# #nough to 
peralt ezplor&tloQ of these relatirasMps. 

bsert T&me 1^ ahoirt here 

nie eorrelfttlons vlth Indlvldu&l adjeetlves are of Interest In determlnine 
whether niore clewrly spatial adject ive pairs « sueh« as t^rer^shorter , better tap 
Indlvidiial differenees in spatial -abstract ability than do less obTlously 
spfttlal adjeetlTe pairs » such as better-^vorse , irhlch vould seera more likely t© 
lend theoselvei to a lin^iitle strate©r. Indefd, Clark (1969a, 1969b) major 
support for the llnguiitie model ©f linear syllogistic reaianing is based upon 
data collected for the single adjective pair, better-vorse . The possibility of 
differential patterns Qf correlations for different adjectives certainly merits 
investigation,, since both DeSoto et al. (1965 ) and Shaver et al, (197'^) have 
suggested that different adjective pairs may be processed in (luslltatively 
different vays. 

The correlations vlth Individual sessions are of Interest as a further 
t#st of the strateigr-change h^otheses. itocordlng to the spatlsl-to^llngulstic 
fttrate^-ehange hypothesis, one ml^t eqp^t higher correlations with spatl^ 
tMts in earlier sessions, followed by tUgher coi^elatlons with lingulstlo tests 
la later seaslons. The llnguistic-to-ipatlal strategy chuge hypothesis might 
lead one to make eacadtly the opposite prediction. 

IioolciAg first at the crablned data, we see that all coirelatlons ^e sta- 
tlstlaally sl^lfieut except those with the verbal coiqposlte in bperUients 1 
and S« ^Is patten of resiy.ts can be understood In terns of the mlmd model. 
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Mtordiiig to this BDdely ttiert ii ft key di ff trenet In itratt^ bttwttn tubjeeta 
ia Eip*riMnts 1 and 2 ud subjaeti In E^^rimtnts 3 ud numly^ % rtduoed 
taphuli In the latttr txparlments upon spati^ seriaflon aeeoi^anltd hy eheeklne 
of prarious lln^iatle aneodlngs and possihlt use of the llagulatle noneoni^manee 
oparatlon, ^ese ehugti in strkte^ should result in an Inereast in the rela- 
ttvt odntrihution of vtrtal ability to the solution of linear syllogismi in 
EcptriiBents 3 Ani ^, and visibly a deerease in the relative eontributlon of 
spatiai-abstract ability. , The eorrelations show a pronouneed inorease in the 
verbal eontribution, and a posiible decrease in the spatial -abitract eontributloii. 

The patterns of eprrelatlanB for the individual adjeatives do not show any 
consistent trends aeross experiments. Although there are trends that iil|ht be 
viewed as iua§estive in the eoriteMt of slngie experin^ti^ these treads lo not 
hdid up wtiefi coniidered in tht cpnteKt mf the entire sa^ data« 'Biej^ correla- 
tions , like the model fits for inil visual adjectives, suggest that a single moi^l 
la likely to account for processing strategy for each of t'kft three adjective pairs, 

The correlations for Individual sessions tell much the sawe story. Although 
there are isolated patterni within single experiments , no trend seems to hold 
up when the experiaenti are coneidered In conjunetlon^ In particular , there is 
no suggestion In the data that subjects rfly upon either a spatial or lin^istic 
■trategy in earlier sessions, and then switch to the other stratesf in later 
MsaionSt These data, like the modeling data, suggest that a tingle model Is 
likely to aeeount for the data in every session, 

steBiarizei the correlational data are eonsi stent with the modeling data 
in suggetting that a lingle aodel can account for performance aeross both adjec- 
tives nd Miiions, nie data reviewed so far favor the mixed model as this 
aiBgle Model. * 
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eoiffARzseif OF tot mimM ov nmnouBvt pommm basa 

^ MBUlti prtsaattd in %hm preTieui p«rt of the vtielt vmrm gtnmTtlly 
•HtflMtrUY* of the alxed iisdtl.in the eoBtext of the preeent eet of ejEperlaents. 
lev Ami the a^el eoB^wt to the »lte«etive aodeli, hme^r. In Iti 

•hlllty to Meount for previously publiihed retultit fhii queitlOT ii adtoeised 
in the preient pur% of the article. First^ qualitative aspects of aodel fits 
will be diaeuased, ud then quuititative ones. 
'** Qualitative Aipeete of Fit 

Sepfegentation of MM-ked versua UMM'teJ Adieatlvea jn Hemory 

Petti and Seholz (1975) reported two flndingi that led thern to helleve 
that marked and unaarked adje|tivei are repreaented in the svte form in ■emory, 
regardless of the way In which preraiees are stated. The first finding vma that 
"irtien iubjeeta are given sufficient tiae to study the premises prior to answering 
the question, reaction tlBe to the question 'Who is hest?' is shorter than 

reaetien tine to the question 'Vmo is worst (p. 1*1*5). All of the ■odels as 

formicated in this article can handle this findinB. The finding is consistent 
irtth thm Botlon that aarked adjectives take longer to encode (tether the 
•aeedlag is llnguistie, ■patial, or heth) thwi do tmarked ones. One would there- 
fbre •zpeet Imger Bolutlon tioes as ^ ftuetion of longer tiaes ■pent in encoding 
tbm wlwd adjeetlve la the question "Who is worst?" Potts and Seholi reeognlEed 
tte UffcrMtlal Mcodiag Interpretation as an ^tematlve to their own inter- 
i^vtmtioa of their finding as indicating a single form of itor^a. 

fetta ud Seholi'a aacend finding waa that there is ao effect of aoncon^- 
MM la A ■•pvate-atagea (preeueing) pu>adi|^. This ftadlng la coaaiatont only 
vith tte alxed aodal, vbleh aaaerta that auhjeeta do aot eteek for aeaeongruence 
of tte tutitieB with tiMir liap^atic encodiag of the aaawer ^a they are an- 
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A AwM^ itflaad tpfttlal Arrar* 

ltood» ihottort ud Oodden (19Ti() found that vlth Ineraating praetiot In 
•olTlng flir«<>tora aeries problMSt iubjeeta ahoirtd '^a ganor^ reduetim in 
the ability to anwer wtxpeattd ^i^stiona b&sod on tht inforsation Just uti* 
liiad^ (p. 255). Th^ authors interprtttd thtst findings as torFOboratlng 
'^tiit claim that subjtets who are naive ^ v^th rtapeet to series problems, 
generally tend to adopt a represen^^b4onal strategy vhile those ythm are more 
experienced tend to develop a nonrepresentational one" (p. 155)* to alterna* 
tive explanation « vhieh tu&s nothing to do with alternative modes of problem 
representation. Is that with increasing, snounts of practice, subjects establish 
a set for solving tht problems at hand* l^e mere problems of a iimllar nature 
the subjects are given to solve, the more likely they ar^ to fail to salve a 
set-breaker. This set or funetional fixedness effect is a common one In problem* 
solving tasks (see, for example, Puncker, 191*51 Luehlns, 19^2), Md seems \^ 
applicable here. Although there was a control ffoup in the Waod tt al. experi- 
ment, the nature of the task given to the control ^oup was such that any set 
tbatimigbt have built up yfM Irrele^^t to the laiejqpected question, and hence 
imuld mt have beer aj^inted iu^itrfere with the suhjeeta* answering it. 
Difficulties People Bave in Anewering the Question " Where ia It?" 

Clult (l97Sa) performed a series of es^rlmenta in i^ich aubjects were 
laftrueted to insert an object into a visually presented vrajf* Tbe ei^er^ent 
MSt relevant to the present discussion is the third. In this eaEperiment, me 
ggm^ would be ]^8ented with ^32 displays each constructed fron ,one of eight 
aeaWaees ^Mlue U higher than (is lower thim . isn't £8 high m» isn't as 1^ as) 
piafc a ^us the ittme fmr aenteneei vith blue and ^iaii iaterchMged-»and from one 
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Uw ao ^ UMk M bettoe. %laak m tap ud pink on tettMy ud "^nk m 
tap Mfl UMk m tottaB...,Th# Ss wrt teld to Indleatt vhetter tM i^siln^ 
Uu» or plak lint wat atei^ or btlw both of tht linmm m the right by 
^•sliii %hm top or bottw buttOT on their response ptntl" (p, 271 )• A see* 
mA of nbjtets reeeived Identla^ probl^s, tMept that the terns 

better ud vorse vera substituted for higher and lover t For eaeh group * half 
of the itns were afflrBstiTe and half were Mgatlve equatlTei further, half 
of the items had deteminate answers and half did not (so that subjeets eauld 
not tell where the mlsslnF^ line irent, ud had to indleate as aiueh)« 

The plaeement task used by Clark bears certain struetwal siailarities to 

ft 

the linear syllogisms task, %nd Clark (l972a) eompared data from this task to 
data from Items alleged to be structurally sjialogaui In Clark'- (1969a) linear 
syllogisms data, Thm data from the two tasks showed qualitatively different 
patterns, and the correlations between lateneits in the placement task and errors 
In the linear syUogims tuk was only *55 for determinate items (the only type 
cmsidered in this article). One Is therefore obliged to conclude that the 
placraent task bore only a weak relation to the linear syllogisms task. \ 
ThlB conclusion presents a problem for a model of linear syllo|lstlc reason^ 
Ifig o^y if (a) one claims that there is an isMo^hin between certain physlcsl 
plaeeMnt tasks and linear syllogisms tasks, and (b) ^e accepts Clu-k*8 claim 
that his placement tuk is one for which there should be an Iscaorphlnt If there 
ateuld be an iaoaorpU.» for any such task# n^ponents of the spatial and mlited 
■odela wmad probably accept the first claim and reject the second claim almost 
waalmausljr (seeifor eu^let Iutt«aoeher, 19681 Huttenlocher i Rlgglns« 1972), 
Oa the erne ha&d« thMrlsts positing the use of spatial images in linear syllo- 
glstle rtMenlai ieia to a^ree that Internal spatial vrays are uii^ogous at 



9mm Im^l to wt«rMl pbysiQ&l vnyt that art Tltved in rrvfrAiy lift, 
ttt ^ter bud p MM of thtst thtoriitt vmad vgut that p^la^ arraagt- 
■nt %mak ^t la iaMeiiihit @r ftau-ly iteM^hle to tftjiliiaw qrlloglns task 
ateid.d raault is the aaat •tmietwts and proaettai as art ustd is the linear 
qniogl^ tatt» ladMdp aueh a elala wuld-h# foellsh in light of results 
such as those of Hayes ud Slnoa (1977 )• vhieh shov that even earefiaiy eon* 
trolled problem Isooierphi ean lead to vastly different representatlani 
proeesses if they are presented irith the appropriate s\o*faee struoturil dif- 
ferences. As both these authors and Huttenloeher and Hlreins (1973) point ©utt 
representations and proeesses are hl^ly sensitive to surfaae struetursl dif* 
ferenees; and an abundance of such differences eitlst between Clark's (1972a) 
placement task and the linear syllogiims taik, Jhittenloeher Md her assoaiatts 
have found a nmbtr of plaeanent tasks that do ieem to yield results parallellnr 
those froB llntar syllogisms tasks (see Huttenloeher t Hlgglns, 1971, for a 
re^ev); Clark (1972a) has found a class of plReeinent tasks that does not yield 
results paralleling thofe fr^ linear syllogisss tasks. The precise condltloni 
under which paraaelllsff does or does not result remain to be specified. 

Quantitative Aspects of Fit 
Although a number of data sets have been reported in the literature » most 
of tb« do not contain even the minlmvm range of Itm types that vould permit 
the three aodels to be distin^ished (for esuple, DeSoto et al., 19^; Randel 
at al»t 19664 Buttenlocher I 1968). nius, the nwber of dUkta sets that could 
te used for tuutitatlve comparison vas very limited, 
MvXt PubJeets 

eiarfc ( 1969b ) > Clark has published gemtrlc mean latencies for the 12 
vmeutd itn t^np** used in the preieat ez^rlments. The quality of the data are 
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13 9ubJ#ett, vlth Jiwt thrte obMrrmtiTOi per ■ubj^. mnormr^ 
OmA thrw mt th«^^^^if«it Utraey for euh ■ubjtat for tMh ItM (331 of 
tte obMrr»tl«i ) , ud &lsa »U error rH^ntes (71 ef the obMr¥mtlf»ns), 
talyee ef for the ■Ind, llngulitle, end epetl^ apdeli retpeetivel^ 
Here •63| .T^t ud «93^ Aese result ■ thue fmTOr the lla^itle ■odel, 

ClmA ( I9€9a ). ^deling aould eg&ln be done an data ft^ the 38 uneued 
itm tjfpei used In the present experlaents. In this ea^rlment, eiwk fsve 
suhjeets 10 see to solve eaeh prohlem. An error v&s oounted If the wbjeet 
eltHif responded incorrectly or failed to respond at all in the 10 sec. The 
present sodeling is ef the proportion of errors for eaeh problem type.* Modeling 
of the logarithn of the nisnber of correct rtsponses yielded eomp^able rtsults. 
Values of R for the mlxed^ linwistie» and ipatlal models were .59, .65, and .^0, 
These data thus give a alight edge to the linffulstle, model , 

Potts and Scholz ( 1975 ). l^e eight data pointi frora Bqperiiaent 1, Group 1, 
of Potts and Schol% (1975) also provided an adequate bails for distHnwlihing 
uong Bodels. The values of R were .86, .73, and M for the mixed, llnrmlitie, 
and spatial models respeetlvely, Thm data thus support the i^xed model. 
Child Subjects ^^"N-^ 

toatlBg and CarmaiEa ( 1975 These authors used the ssae 10 see deadline 
^r^OMdwe as did qiark (l9€9a), nielr subjects were bright sad awage fifth 
aad eeventh grade ehlldren. Their data pendtted modeling of error rates for 
tl^ item t]np#s. Thp respective vi^um of for the mlzedi lla^lstla, Md 
spatm ■odela wre .Ifi, .71, and ,68 for average fifth grade a, ,Bk^ ,99, and 
•83 far to^ght fifth graders « .70, .96. ud .70 for average sevemth p-aders, 
Md •ftt t9k^ aad •SS for brl^t seventh graders, Por the eGBbined fifth p»aders« 

mlues ef R~ vere •92, ,86, and «77 for the three aodelsl the eomblned seventh 

/ * 
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gpwSmn^ w^ymm of R mrm .60. ud .SO. For tht ooatola^d svtnge ttadtiitit 
vttlmt of X «86» •86. aad «7f i for the eMtolntd brl^t ttydrntit mluei 

of 1^ .TO. Md •TO* Finalist for th« totid ir^Mi of mrt 

.81, ,93* Md ,76. ^ 

Altheyiili tilt r«plleatoillty of thtte data obiHeusly nMds to b# •mblleh#d, 
tte d&ta are of pftrtleular Inttrtst Iq ■utttstlni a deTtlopnmtal ihlft In trror 
patt#rai: Thm thift it betvMn tht mlsrad nodtl and tht llnfuis^^^ medel* ^th 
uit of tht llngulttle Bodtl aiso^iattd irtth greater act and teir -ntts. 

Hunter f l^57 )* mint tr ttsttd 11- Md l6*year olds en llatar ■ylloglttt 
uilng the relations haTOier-Baddtr and taller^sharter , His artlele contains 
latenclts that *t wodeled for eight dlstinet data polnti. The respeetlve 
Tiluts of R for the mixed, linguistic, and spatial aodtls were i75i *7^i and ,82 
for the 11-ytar olds» .66, ,5"^ for the l6-yeAr ©Ids, an4 ,7S, ,68, sn-*, •T? 

for the combined age groups • Sa®e of the uneonstraln^^ psj-meter estimates for 
the linguistic model were negative, and so thase vere forced to be nonnegative 
in the final linear sadeling. These data, lllie Ktatlng and CM*aisatia' s, suggest 
the poiiibillty of a developmental trend, but htre it Is from the spatial to 
tht mixed model. The llngulstio model never ptrforaed best* 
Conelualon 

Ae aata from previous research ««j"C£onfuslng and eantradletory. Tht rtsults 
#f Clwk (19€9i \nd of tht tvo devtlopatntal studies must be Inttrprettd vith 
eaistlofit the foner bteause of the massive dtlttlon of abstrvatlms, the latter 
batauat of the availability of only eight data points for modeling, nie Clark 

data ap^ar to be rtllablti bovevtr. and on their faee eoatradlet the 
mjwmA Bodei. fhm reason for this eontradletlon has now bttn dlseovtrtd, and 
la dlseusatd in detail elsewhere (Sterntergt K^t }), In esaeaee, the eontra« 
Aletloa ^eta beeaufe of the modellni of error (or slmiimy. lei ©etreet) data 
ratbop tbu l^MMer data. 
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SmRAL DISCUSSZOII 
■Mr tto tei^Mlaf ©f the mlelt, %^mm iqwrtut tteMWtleftl fiMationt 
«»• pMtd r«iMfding r«pM»«at»tlM sad pi^ttB la trMsitiv* iBfarme*. ft. 
tiB» kM Beir fOM to M« Ii8v th#i« queitldiii eu aniiMrcd on the buii of 
tlM tfeMT ■«* tot« ^■Mt#d in thli »rtlelt. 
lliBr»iiit»tiQa of Infei^tlQn 

•▼idanec proimted in t^k wrtiele luigestB -trongly that both lin^s- 
tie ud apfttial r«pr|iMntations for Infornation i^e uied dtirlng the eourtt of 
•olutldii ©f tPMiltlTt lnf#i^iiet preblmi, SubjMtf firat teeodt the llnfulitle 
8urfte« structure of the premists lato a lin^itle dMp ftruetur*, ud then 
Meed* the llnfuiitie deep stFueture into « ■p*tial wrrmy. Beth the llngulstle 
deep structure Md the ipetiai btt^ ere eTeilable f©r se&reh end wtrie^ 
proeessei that oeeur after reeodin,^ hat taken plaae% Honeonirruefiee , vhen u^^d, 
aperatea upon the lin^istle represent at ion * vhlle reapoiiae aeareh operates 
19M the apatial repreaentation« 
Proeeaalag of laformatian 

TOe preferred mixed oodel aeeaunta for trMaltlTe Inferenee In the solu- 
tion of linear sylloflaBS in tems of 12 eleBentary info»atlon-proeeaalng com* 
pMeatat|B©t all of vhieh are uaed la eTery type of prohlea and not all of vhieh 
teve hem eatlMted aa aeparate parMetera la the preeedlBfi eiqierUteati. Of the 
it yromaaea, alx were hypothealted to b# ilnipilatle (preiase readlai, llafulstie 
MtddlBC of iimar lLed adjeetlvea, lla^ilatle eneodlng of aarked edJeetlTes, aon-* 
eMgrueBee, queatloa readlag, aegatlon)* five ware ^rMthealied to he apati&l 
(Mirtfttlae, apatlel eaoodlaf of uaMrked ftdjeetlifea» apatial faeodlBg of marked 
adjeetli^a, pivot iewehi Mapoaie aeareh). and one vaa hypothealied to he 
Mutr^ Cr«e^ae), legatlM tiu^ed out to he apatial. ^ operatloaa wre 
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tamA to umr wii^ la ttelr lAtmelM aad to th«lr eeatritoutiona to ladi- 

(•) rir^ aay »lthei4. ; •ry.lng. (b) irtth th« qutltim flm ud irtth th« qwi- 
tloo iMt. (e) irith mdj.ctlvt pftln dlfftFing within and tetvMa sttbjvcti. 
RagumeM of tb« iDd* of ppeMntatian, th# alxtd .odgl iraa fo^^nd ta ptrfers * 
•vbataatlaUr bttttr than any of the alttrnativt aodtli. 

^mM. •djaetiTai . Four diff.ren jeetlire pairi- tallar-itortar . oldar- 
IE» ^ttfr-WM, faater-ilevc— wBr« uied In the eourM of the fbur axperi 
itt. liaaatlally the sane resulti v obtalotd with aaeh. Theie pi^^t^l 
to ■uppert the geaerallty of the rep-etentatloni and proeeiaes of the 
■ixed aodel aeroti adjeetlvts. Of eourse, this MnerHlty Is eonsHtent 
with the earlier findingi of DeSeto et al. (1965) and of Handel et al. (i9€8) 
that ■ubjeeti aay differ in the direetioM they uie between ud within adjee- • 
palri for repreientlag ipatial u^ays, 

Mmi ■•■■ioqi. The nwtberi of leiiioni in the four azperiaenti rM«ed 
ttm one to three. The evidenee ■upported the generality of the repreteatationf 
and proooiMi of the aixed model aeroii all Mtiieas. Thera waa no eTldaBee 
©f the kind! of etrategy ihiffei ■u«g»ated either by Wood at al. (IfTk) and 
Waaea and JotoeoB-LaiFd (197t) or ^ Shaver et al. (im), Ae would be 
yaetttd, thara waa avldanee that aubjaeti •peed up with iBeraatlng prmetiea.- 

MSiU £|||MU' te^ytoe of indindual data raveled a ■trlklng een- 
•litmsey la tlie •uparlorlty of the Bixed ■edel. The alxed ■odal was not uied 
nlwarmiy, henmr. About 131 of the ■ubjeeti in the four ti^arlMBti •hovad 
•vldmM of aalac a atrMeer wra eloMly approxlaatad by attbar tha llagulitle 
» «te ■patlal aadal. itorad¥«r, raiulti frm pravleui Invaitlgatori iHgsaet 
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ttot thmt^ mt^ bt p©pul*.tl©ti dlffereneei in ■trategles, .#p#§l«lly aerosB a^es* 

Across tMks , rat pret^nt ejcptrlments havt ttited the gentpallEftblllty 
©f the repreieBtfttlons and prooesges of the mixed aodel ar vmrl ty of 

experlMotal pa^adlpas uslny linear iyllegiras. The pres' ahsene* of 

ft partieular operatler in the linear syllogisms task obviously does not 
fimrantee the preswu or absence ,hat operAtion in other tasks. How 
generaJ^izable are the operation fi^d in the mixed aadel? This question 

can be ansvered iu two different ways* 

First, at least uom^^ ^enerali zabllity has already been shown by the slg- 
ni ieajit correlations of each component latency with at least one of the three 
referenee-rbillty cLmrositfrs, Th^ correlations show that the patteras of in- 
dividual di'^ferenc^s ^en^f^te^ by the component processes are not specific to 
the linear syllogii^ms tasK^ but are comnon to reference tests that have been 
show measure abilities called upon in a wide vaiiety of psychometric and 
other tests. In partieul.ar4 the correlation of each component latency with 
the t3^e of ability it is hypothesised to represent demonstrates the canTergent 
Validity of the information-processing compoi.ant, ^le lack of correlation oi 
each component latency with a t^e of ability it is hypothesised not to repre- 
■ent demonstrates the discriminant validity of thu Information-processing com- 
ponent. Only tw mispredietlons iu"ose« Negation showed a clear convergent- 
diserlminant pattern* but it was spatial rather than linR\d.stie. In addition. 
%o strong correlations with the spatial -abstract tests * response seaj*eh also 
■h0Md weak but sl^lf leant correlations with the verbal teits, and these latter 
correlations were istarpreted in terms of individual differences In tiaes for 
reading nawi from the ipatlal arrays. 

Second p the ^ner^isablllty of encoding, negation, marking , and noncon- 
pnarace optratlons to a vide ^mrlety of eomprehension and reasoning tasks has 

So 



Trftniltlvc! Inferenee 
80 

hmmn uply dmoastrsted in past rt seupeb. (Sme Cmrpmntmr ^ Juit, 1979; Clark, 
1973; Clsjrk k Chaie, 1972; ft-abais©, 1972; for a eoi^rthtnilTe rrrlev of rele- 
▼mat llteratw#«) It ■hould be DOted that although thif pait rtMU'gh has 
repeatedly identified these inforaation-proeeaslnK eom^nents ai eantributors 
to aolutian latency In a variety of tasks ^ the reieareh has oot adequately 
dlatlagulahed which ©f the Identified operations are liriguistic and vhleh 
are spatial. 

Consider 4 for exMiple , one of the moet videly studied compfehension tasks, 
the sentence-plcture comparison task* A subject is shovri a senteu^e and a 
picture that tither may or aiay not illugtrate the situation describ<*d by the 
sentence. The subject must indicate vhether or not the s«nt^nce describes 
the situation depicted in the picture. For exsjTiple, a typical sentence 

If M 

might L>e Star is abnve with ^ as the accompanying picture. In order 

to solve probli^ms such as theses the bubject must (a) encode the sentence uid 
plct\^e, (b) comprehend the negation if onf appeals, (c) spend adJitional tirie 
eomprehendlng the marked description ( below ) if one appears ^ (d) spend esrtra time 
setting a **truth Index" to fal ^ if the embeddlni strings of sentence and pic- 
ture are noncon^ruent , or if the embedded strings of sentence and picture are 
noncongr^ent In the deep-structural proposltioneLl representations Into which the 
syrface structures have been encoded, (e) respond* Although Clark and Chase 
(197^) viev each of thc*^.e operations as linpilstlc, the operations may be rlewed 
aJ eonsistent with either the spatial or mixed model as veil, with each operation 
TiafWed in the same way it is viewed for the solution of llneaj' syllaglns. 

The pivot sevch asd response se^ch operations as forsulated in this artl^ 
ele hare not appe^ed previously in the literature, and so their general liability 
has yit to be d^^streted fully. However, there is some evldenee that pr&^des 
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fttrth«r .uppert for the plmilbllity of the.* operfttloni. If pivot leweh as 
fbr»il»t«d by the alxed aodel !■ used, t en Qegatlve equntlTe problema ihould " 
•how •nd-«r.ehorln« tffeeti for their llngulitleai v eonverted (^eoded) form. 
Huttenloeher et ml. (1970) have found gueh a result In their task requiring 
■Mlpulatlen of physleal objects rather than Just abstract terras. Findings 
such as these and those of Shepard and Metzler (19T1) and Kosilyn (10" 
■u«gest that in scanning visualized arrays, subjects proceed In much thp 
lame wmy they do In scannlnr, physical arrnyn . 

PreBent reseaj-ch Ig directed toward further demonstrations of the general i 
ability of the components of the mixed model. In one onRclng study, the mixed 
BOdel Is being extended to and tested on series problems vlth from two to six 
tems. In n second study, thp model Is beinr extended to linear syllogisms 
with Indetemlnate solutionB. In * third study, the 'model is belnp tested on 
the perforfflajice of children fror. ages of fi to It' in aelvlng IL.ear syllogis™ 
With these and other extensions. It is believed that the mixed model, or Pn 
au^ented version of it, can be shown to provide some insight Into a varip.y 
of fon^s of himan cognition. . 

Appendix 

Table A shoira pradlcted values for the mixed model and obBerved values 
latencies for each of the 32 uncued dftta points in each of the four ejeperlnents 

I'isert Table A about here 
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70^9 161 
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malBg eoniiiti of tvo-terB leriea prab^eu In &^riB«nti 3 aad 4, 
Two- tbFM-ttni ■•rlei preblrat ia thMC •xpcrlmnti wer« pr«aratn() in 



ERIC 



Tall-ihert 



Traniitlvt Inftrtnes 

/ ■ « 

Ptrfonuae* of Model ■ In np^dietliifi: Latency teta 
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Pftrweter Iitiwtei f^r Llagulitie and SpatlaJ. Nodtli 

ttaeued ItMii tely 
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ft^rlaent 1 ficperlMst 2 fiicperiMnt 3 fiq^rlMnt k 
mm- 5791 5716 . 52S3 5505 



Xott; All ptfwitttr tstlaiates aj*e in aHllMeonds. Stvid&rd errors of the 

pftTAMter estlaates (also expressed In mlllisteonds) are shorn in p&rtn« 
theses directly beneath the p&ramettr estla&tes. 

^stiinated as a regression €on§tut| and ^enee has no associated sipiifleance 
mlue or standard error. 
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iot«s lODitallelEed viautfi %tm ttir all eaiti for imieh ptfUMtar eouli bf 

•Btlaattd. Itallftlsad valuei u** for eaiai for vhleh pvMtttr vmi ' 
■tatiitieally ilgnlfieaiit at .Oil Itvtl. 

^fftrtli^ eorrtUtloB eeBtrei.ling for pvtielpatien In Iscparlaaiiti 1 and 2 vsriut 
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Table Ik ' ^ 
- Comiattmi betVMn Coapogite noi itlon Lattney for 

Btperimtnt 1 Btpeplnent 2 Ijtperiiwnt 3 fc^erlnent U 

-.1*1 -.09 ' -,UC* -.56»»» 

^ -.7U»«* ..^8» -.56»« -.3i» 

-..83»*» -.5i4« ,-.50* 

Verbal -.^T .1? -.ii8» -.57»» 

Spatial -.72»»» -.6t«** -.5fl»» -.15 

Abstraet -.7U«»» -.79**» -.55»* ' -.2^ 
Oldayounf; 

Verbal -.38 
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Abstraet -.79*»* . 
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Abatract ^ -Jii* ^ -,5?» -.68««»» 
Faat-Slow 
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Spatial -.59»« -.i45» -.i49» -.5?»» 

Abstract -.8l»»» -.i*9» -.li0» - 3!» 

Seaiion 1 
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SeMl^ S 
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ft«dl€t#d ▼ertua Obft«rf»d tetft ^Intt for Uoeuttd It«mt 
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1 
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589 
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3 
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585 
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ngitta 3. UA|ulaCle ■odal. 
Figure 4. lOxad BBdal. 
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